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PREFACE. 


X  HE  connexion  of  astronomy  with  geography  is  so 
evident,  and  both  in  conjunction  so  necessary  to  a 
liberal  education,  that  no  man  will  be  thought  to 
have  deserved  ill  of  the  republic  of  letters,  who  has 
applied  his  endeavours  to  diffuse  more  universally 
the  knowledge  of  these  useful  sciences,  or  to  render 
the  attainment  of  them  easier ;  for  as  no  branch  of 
literature  can  be  fully  comprehended  without  them^, 
so  there  is  none  which  impresses  more  pleasing  ideas 
on  the  mind,  or  affords  it  a  more  rational  enter- 
tainment. 

The  fifth  edition  of  my  father's  treatise  on  the 
globes  being  out  of  print,  I  was  solicited  to  reprint 
it  *.  To  obviate  several  objections  to  the  form  in 
which  he  had  disposed  the  problems,  I  was  in- 
duced to  undertake  the  present  work,  in  which 
they  are  arranged  in  a  more  methodical  manner,  and 
a  great  number  added  to  them.     Such  facts  are  also 


*  The  first  edition  appeared  in  V76C,  the  third  in  1772.  A  re- 
printal  of  this  ob:iolcte  work  Avas  made  in  1810,  by  the  brothtir 
(D.  Adams)  of  our  late  author,  which  he  has  denominated, 
The  Tlditkih  Edition}}}       sdit. 
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occasionally  introduced,  such  observations  inter- 
spersed, and  such  relative  information  communis 
cated,  as  it  is  presumed  will  excite  curiosity,  and 
fix  attention. 

Having  proceeded  so  far  in  this  work,  I  foun(i 
that  it  was  easy  to  render  it  subservient  to  my  plan 
of  publishing,  from  time  to  time,  "Essays  de- 
scribing THE  Use  of  Mathematical  and  Phi- 
losophical Instruments;"  for  the  description  of 
those  which  have  been  contrived  to  smooth  the  patli 
to  the  science  of  astronomy,  or  to  facilitate  the  prac- 
tice of  the  arts  depending  on  it,  could  no  where  be 
introduced  with  so  much  propriety,  as  in  a  work 
which  treated  of  its  elementary  principles. 

To  further  this  design,  it  was  necessary  to  prefix 
an  introduction  to  astronomy.  This  is  divided  into 
three  ]:)arts  :  in  the  first,  the  pupil  is  supposed  to  be 
placed  in  the  sun,  the  centre  of  the  solar  system ; 
from  this  situation  he  considers  the  motion  of  the 
heavenly  host,  and  finds  that  all  is  regular  and  har- 
monious. In  the  second  part,  his  attention  is  di- 
rected to  the  appearances  of  the  planetary  bodies,  as 
observed  from  the  earth.  It  were  to  be  wished,  that 
the  tutor  would,  at  this  part,  exhibit  to  his  pupil 
the  various  phenomena  in  the  heavens  themselves : 
by  teaching  him  thus  to  observe  for  himself,  he 
would  not  only  raise  his  curiosity,  but  so  fix  the  im- 
pressions which  the  objects  have  made  on  his  mind, 
that  by  proper  cultivation  they  would  prove  a  fruitful 
source  of  useful  employment ;  and  he  would  thereby 
also  gratify  that  eager  desire  after  novelty,   which 
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continually  animates  young  minds,  and  furnish  tliem 
with  objects  on  which  -to  exercise  their  natural  acti^ 
vity.  In  the  third  part  of  this  introduction,  the  re- 
ceived, or  Copernican  system  is  explained  :  by  this 
system  the  various  phenonjena  of  the  heavens  are  ra- 
tionally accounted  for ;  it  shews  us  how  to  reconcile 
the  real  state  of  things  with  the  fallacies  arising  from 
the  senses ;  and  teaches  us  that  the  irregularities  ob- 
servable in  the  motion  of  tlie  heavenly  bodies,  are 
for  the  most  part  to  be  attributed  to  the  situation 
from  which  they  are  observed.  Astronomy,  in  com- 
mon with  other  branches  of  mathematics,  while  it 
strengthens  the  powers  of  the  mind,  restrains  it 
from  rash  presumption^  and  disposes  it  to  a  rational 
assent. 

The  principles  of  the  Copernican  system  are  fur- 
ther elucidated  in  the  third  Essay ;  in  which  the 
most  improved  planetarium,  lunarium,  and  tellurian, 
are  described.  These  instruments,  though  less  com- 
plicated in  their  cons-truction  and  less  expensive  to 
the  purchaser,  than  those  large  ones  heretofore  made 
for  the  same  purpose,  are  equally,  perhaps  better, 
adapted  to  explain  the  general  principles  of  astrono- 
my. In  describing  them,  it  was  necessary  to  recon- 
sider many  subjects  which  had  been  previously  treats 
ed  ;  but  as  they  are  here  placed  in  another  point  of 
view,  presented  to  the  mind  under  a  different  form, 
are  generally  described  in  other  words,  and  often 
with  the  addition  of  new  matter,  it  is  hoped  that  the 
repetitions,  so  far  from  being  an  object  of  complaint, 
will  be  found  to  contribute  to  the  maiifi  intention  of 
^  3 
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this  work,  by  conveying  further  instruction,  fixing 
it  more  deeply  in  the  mind,  and  rendering  that  ob- 
vious which  before  might  be  found  difficult. 

One  part  seemed  wanting  to  an  introductory  trea- 
tise on  practical  astronomy ;  something  that  would 
gently  lead  the  pupil  to  a  knowledge  of  the  practical 
part  of  this  science,  a  branch  of  astronomy  to  which 
we  arc  indebted  for  our  present  knowledge  of  the 
heavens,  by  which  geography  has  been  improved, 
and  by  which  tlie  passage  of  ships  over  the  trackless 
ocean  is  facilitated. 

There  is  no  part  of  mathematical  science  more 
simple  and  easy,  than  the  measurement  of  the  relative 
positions  and  distances  of  inaccessible  objects  ;  yet  to 
the  uninstructed,  to  determine  the  distance  of  a  ship 
oti  the  ocean,  to  ascertain  the  height  of  the  clouds 
and  meteors  that  float  in  the  atmosphere,  to  ^x  the 
latitude  and  longitude  of  places,  &c.  are  problems 
that  have  ever  aj)peared  to  be  above  the  reach 
of  human  art ;  they  are  therefore  particularly  calcu- 
lated to  engage  the  Jittention  of  young  minds,  and 
may  be  used  to  encourage  diligence,  and  reward 
application. 

To  introduce  the  piijiil  to  this  branch  of  astrono- 
my, I  have  described  two  instniments,  each  of 
which  is  simple  in  its  construction,  and  of  srtiall  ex- 
pence.  By  these  he  may  find  the  distance  of  any 
inaccessible  object,  the  height  of  a  spire,  a  mountain, 
or  any  other  elevation ;  learn  to  plot  a  field  ;  ascer- 
tain the  altitude  of  a  cloud,  a  fire  ball,  or  any  other 
meteor ;  determine  if  ith  accuracy  thehourof  the  day. 
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the  latitude  or  longitude  of  a  place,  with  many  other 
curious  problems.  In  the  selection  of  these,  for  the 
first  edition,  I  have  to  acknowledge  the  assistance  I 
received  from  an  ingenious  friend. 


The  Editor  to  this  sixth  edition,  thinks  it  necessary 
to  inform  the  Reader,  that  this  work  has  been  again 
carefully  revised  by  him,  all  observed  errors  correct- 
ed, new  astronomical  discoveries  inserted,  including 
a  j^lO'te  of  the  path  and  descriptions   of  the  tivo 
recent  very  remarhable  comets,   and  such  other  ad- 
ditions made,  as  appeared  necessary  to  the  infor^ 
mation  of  the  beginner,  and  the  use  o/  the  preceptor. 
On  the  decease  oj  our  worthy  author,  some  years 
back,  his  widow,   not  meeting  with  a  liberal  and 
adequate  offer,  either  by  private  treaty,  or  publiq 
auction,  jor  the  copy-rights  of  her  husband^  s  valuable 
works-,    on  her  application   to  the  Editor  and  his 
Brother,   by  an  advanced  tender,  they  became,  im-^ 
partially,  the  purchasers.     This  explanation,  will 
prevent  the  effect  of  an  unjust  insinuation  or  misre- 
presentation.    It  is  hoped,  that  the  Editor,  withoui 
the  imputation  of  arrogance  to  himself,  may  add, 
that  the  works  have  been  rendered  the  most  correct  in 
his  own  department,  by  thus  coming  under  hi^  af^ 
tention  and  revision,      • 

Holborn,  August  1,  1812. 
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W.  and  S.JONES  think  it  proper  hereby  to  inform  the  readw, 
that  there  are  now  completed  two  entire  new  sets  of  engraved 
plates,  for  Globes  of  eighteen  and  twelve  inches  diameter.  Tlie  m^ny 
recent  geographical  and  astronomical  discoveries  have  rendered  the 
old  globes  inaccurate  and  obsolete,  and  new  ones  indispei^sably 
necessary. 

On  the  IS-inch  Terrestrial,  are  inserted  all  the  lastest  discoveries 
from  the  voyages  of  Capt.  Cook,  yancouvrc,  Perouse,  &c.  engraved  from 
an  accurate  drawmg  by  Mr.  Armwsiuith,  and  all  the  names  of  thte 
places  delineated  in  a  clear  and  distinct  manner.  On  the  Celestial,  is 
depicted  the  exact  places  of  more  than  6000  stars,  clusters,  planetary, 
nebulae,  &c.  communicated  by  Dr.  Iler^chel  and  other  astronomers, 
and  calculated,  in  position,  for  the  present  century,  or  the  vcar  1800, 
by  IV,  Jmies.  The  size  of  these  Globt's,  which  is  considered  of  the 
dimensions  the  most  manageable,  renders  them  comprehensive  of  many 
particulars  not  to  be  contained  in  smaller  ones.  The  graduation  of  the 
great  circles  are  to  20  minutes  of  a  degree;  and  by  simpleand  improv- 
ed hour  circles,  the  time  is  shewn  to  a  few  minutes.  The  Globes  are  so 
constructed,  as  in  the  smiplest  manner  to  be  capable  of  all  solutions 
that  it  is  possible  for  globes  to  give,  and  the  names  are  in  the  English 
language. 

The  general  prices,  per  pair,  are  from  8  to  IS  guineas,  according 
to  the  frames,  mounting,  &c.  as  may  be  seen  in  IV.  and  S.  Jones's 
Catalogue  of  instruments  annexed. 

The  12-inch  Globes  are  reduced  copies  of  the  above  IS-inch,  and 
contain  rather  more  than  half  the  countries,  stars,  &c.  that  are  ujson 
the  18-inches.  The  graduations  of  the  great  circle  are  to  30  minutes, 
«r  half  a  degree. 

The  price  in  plain  frame?,  the  pair,  is  4  guineas,  and  5  shillings  for 
the  atldition  of  a  compass  fitted  to  both  horizons  of  the  Globes.  In 
mahogany  claw-feet  frames,  6  guineas. 

The  Globes  may  be  packed  securel}  in  packing  cases,  so  as  to  b^ 
conveyed  safely  tp  all  parti  of  tlke-wofld* 
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ESSAY  I. 


PART  L 

Makkind  have  in  all  ages  been  desirous  of  form^ 
ing  rational  conceptions  of  the  nature  and  motion 
of  those  bodies  that  appear  in  the  vast  concave  above 
their  heads.  Amidst  the  infinite  variety  of  objects 
which  surround  them  on  every  side,  the  heavenly 
bodies  must  have  been  amongst  those  which  first  at- 
tracted their  attention.  They  are  of  all  objects  the 
most  conspicuous^  the  most  important^  and  the  most 
beautiful. 

Astronomy  instructs  us  in  the  laws,  or  rules,  that 
govern  and  direct  the  motions  of  the  heavenly  host. 
It  weighs  and  considers  the  powers  by  which  they 
circulate  in  their  orbs.  It  enables  us  to  discover 
their  size,  determine  their  distance,  explain  their 
various  phenomena,  and  correct  the  fallacies  of  the 
v«^enses  by  the  light  of  truth. 


Astronomy  is  not  merely  a  speculative  science? 
its  use  is  as  extensive  as  its  researches  are  sublime* 
Navigation  owns  it  for  its  guide ;  by  it,  commerce 
has  been  extended  and  geography  improved.  It  is^ 
^tronomical  observations  that  form  the  basis  of  g-eo- 
graphy.  Thus,  it  has  co-operated  with  other  causes 
in  the  greatest  of  all  works,  the  diffusion  of  know-^^ 
ledfife  and  the  civilization  of  man. 

As,  in  order  to  attain  an  accurate  idea  of  any  piece 
of  mechanism,  it  is  best  to  begin  our  investigatioii 
by  an  examination  of  those  parts  which  give  motion 
to  the  rest,  the  primary  causes  af  those  effects  for 
which  the  machine  was  made  ;  so  the  young  pupil 
will  more  easily  gain  a  just  idea  of  the  motion  of  the 
heavenly  bo<^lies,  by  considering  them  as  seen  frorft 
the  sun,  the  centre  of  our  system,  and  the  princi- 

.pal  agent  used  by  the  Lord  of  Nature  for  con- 
ducting and  regulating  the  planetary  system. 

J.  j.  It  will  not  be  difficult,  after  this,  to  inform  hiifh 
^ow  those  appearances  are  to  be  accounted  for,  that 
arise  from  his  particular  situation  ;  whence  he  vievvJi 
the  heavens  from  a  point  which  is  not  in  the  centre 
of  the  system,  and  is  consequently  the  source  of 
many  apparent  irregularities.  This  knowledge  at* 
tained,  it  will  be  easy  to  prove  to  him,  that  the  rea! 
and  apparent  motions  of  the  heavenly  bodies  are 
frequently  the  reverse  of  each  other.     For,  being  by 

this  means  put  into  possession  of  the  universale 
of  this  science,  the  knowledge  of  particulars  will  be 
tendered  facile  and  clear. 
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^F    tHE     SOLAR    SYSTEM     AS    SEEN    BY    A    SPECTATOR 
SUPPOSED   TO    BE    PLACED    IN   THE    SUN. 

As  the  centre  of  the  system  is  the  only  place  from 
which  the  motion  of  the  planets  can  be  truely  seen, 
let  US  suppose  an  observer  placed  iri  the  centre  of 
the  sun.  In  this  situation  he  will  see  at  one  view  all 
the  heavens,  which  will  appear  tcJ  hini  perfectly 
spherical,  the  stars  being  so  many  lucid  points  in 
the  concave  surface  of  the  sphere,  whose  centre  is 
the  sun,  or,  in  the  present  instance,  the  eye  of  the 
observer. 

Our  spectator  will  not,  however,  immediately  con- 
clude from  appearances,  either  that  the  heavens  are 
really  spherical,  or  that  the  sun  is  in  the  centre  of 
that  sphere,  or  that  the  stars  are  all  at  an  equal  dis- 
tance from  him ;  having  been  previously  taught  by 
experience  and  observation,  that  while  he  remain^ 
in  the  same  place,  he  cannot  judcre  properly  of  the 
distance  of  the  surrounding  objects,  at  least  of  those 
which  are  placed  beyond  the  ordinary  reach  «of  view. 
When  objects  are  removed  beyond  the  distances  we 
^re  accustomed  to,  the  principles  by  which  we  form 
our  general  judgment  fail  us ;  and  we  can  only  tell 
which  is  nearest,  or  which  is  furthest,  either  by  our 
own  motion,   or  that  of  the  objects. 

To  illustrate  this,  let  us  suppose  a  number  of 
lamps  to  be  placed  iiTegularly,  at  different  disttmces 
from  the  eye,  in  a  dark  night.  Now,  if  in  this  case 
We  suppose  the  darkness  to  be  so  complete,  that  no 
intermediate  objects  could  be  seen^  no  difference  in 
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colour  discernefl;,  nor  any  convergence  towards  tlir 
point  X)f  sight  be  perceived  ;  our  judgment  could  not 
assist  us  in  distinguishing  the  distance  of  one  from 
the  other,  and  they  would  therefore  all  seem  to  be  at 
kn  equal  distance  from  the  spectator. 

For  the  same  reason,  the  sun  and  moon,  the  stars 
and  planets,  appear  to  be  all  at  an  equal  distance 
from  us,  though  it  is  highly  probable,  that  some  of 
'the  stars  are  many  millions  of  times  nearer  to  us  than 
others.     The  sun  is  demonstrated  to  be  nearer  than 
any  of  the  stars.     The  moon  and  some  of  the  planets 
are  known  by  ocular  proof  to  be  nearer  to  us  than 
the  sun,   because  they  sometimes  come  between  it 
and  our  eye,  and  hide  the  whole,  or  a  great  part  of 
his  disc,  from  our  view.     They  all,  however,  appear 
equally  distant,  and  as  if  placed  in  the  surface  of  a 
sphere,  whereof  our  eye  is  the  centre.     In  whatever 
place,  therefore,  the  spectator  resides,  whether  it  be 
on  this  earth,  in  ^le  sun,  or  in  the  i-egions  of  saturn, 
he  will  consider  that  place  as  the  middle  point  of 
the   universe,    and  the  centre  of  the  world  ;  for  it 
"will  be  to  him  the  centre  of  a  spherical  surface,  in 
which  all  distant  bodies  seem  to  be  placed. 

These  things  being  rendered  plain,  the  pupil  may 
proceed  to  consider  the  observations  of  the  solar 
spectator ;  to  whom,  as  we  have  alreacly  observed^ 
the  heavens  will  appear  as  the  surface  of  a  concave 
sphere,  concentrical  to  his  eye  :  in  this  surface  h^ 
%vill  discover  an  innumerable  host  of  fixt  stars,  which, 
will  for  some  time  engage  his  attention,  before  he 
discovers  that  they  may  l)e  distinguished  into  two 
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kinds ;  tlie  one,  dispersed  througli  the  whole  hea- 
vens, diftering  in  their  degree  of  brightness,  but  re- 
maining always  at  the  same  relative  distance  from 
each  other  ;  these  he  will  therefore  cdil^xed  stars, 
or  only  stars.  Besides  these,  he  will  find  some  others 
moving  timong  the  foregoing  with  different  velocities^ 
which  he  will  call  wandering  stars  or  planets. 


OF    THE    CELESTIAL    SIGNS    AND    CONSTELLATIONS. 

Having  proceeded  thus  far,  our  spectator  will  en- 
deavour to  find  out  some  method  of  distinguishing 
the  stars  from  each  other  ;  concluding,  that  as  they  do 
not  change  their  relative  positions  one  to  the  other^ 
he  may  easily  make  an  exact  description  of  them,  and 
bv  repeated  observations  determine  the  position  and 
order  which  subsist  among  them. 

That  he  may  avoid  confusion  in  description,  and 
be  able  to  point  out  any  particular  star,  without  be- 
ing obliged  to  give  a  name  to  each,  he  will  divide 
them  into  several  parcels ;  to  each  of  these  he  will 
assign  a  figure  at  pleasure ;  these  asseiT|blages  or 
groups  of  stars,  he  will  call  constellations.  Thus, 
a  number  of  stars  near  the  north  pole  is  called  the 
Bear,  because  the  stars  which  comj3ose  it  are  at  such 
distances  from  each  other,  that  they  may  fall  within 
the  figure  of  a  bear.  Another  constellation  is  called 
the  SJiip,  because  that  collection  of  stars  which  com* 
pose  it  is  represented  upon  a  celestial  globe  as  cora- 
prized  within  some  part  of  the  figure  of  a  ship* 
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As  the  fixed  stars  will  appear  to  our  observer  of 
different  degrees  of  magnitude  and  splendor,  he  will 
divide  them  into  different  classes.  Those  which 
seem  the  largest  and  brightest,  he  will  call  stars  of 
the  first  magnitude ;  the  smallest  that  we  can  see 
with  the  naked  eye  are  called  stars  of  the  sixth 
macmitude ;  and  the  intermediate  ones,  according  to 
their  different  apparent  sizes,  he  will  call  of  the  se-r 
cond,  third,  fourth,  or  fifth  magnitudes.  Those 
stars  which  cannot  be  seen  without  the  assistance 
of  a  telescope,  are  not  reckoned  in  any  of  these 
classes,  and  are  called  telescopic  stars. 

By  a  knowledge  of  the  fixed  stars  and  their  posi^ 
tions,  our  observer  will  obtain  so  many  fixed  point?, 
by  which  he  may  observe  the  motions  of  the  planets 
and  the  relation  of  these  motions  to  each  other ;  he 
will  use  them  as  so  many  land-marks,  if  the  word 
may  be  allowed,  by  which  the  situations  of  other 
celestial  bodies  may  be  ascertained,  and  the  varieties 
to  which  they  are  subject  be  observed.  For,  from 
the  same  place,  the  motions  of  the  heavenly  bodies 
can  only  be  estimated  by  the  angle  formed  at  the 
spectator's  eye  by  the  space  which  the  moving  body 
passes  over. 

To  measure  the  spaces,  the  stars  must  be  used, 
and  considered  as  so  many  luminous  points  fixed  in 
the  concavity  of  a  sphere,  whose  radius  is  indefinite, 
and  of  which  the  observer's  eye  is  the  centre.  We 
may  learn  from  hence  the  necessity  of  forming  an 
exj^ct  catalogue  of  stars,  and  of  determining   their 
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positions   with  accuracy  and  caru.      With  such  a 
catalogue  the  science  of  astronomy  begins. 

Although,  to  those  who  are  unacquainted  with  the 
nature  of  celestial  observation^  it  might  tit  first  sight 
appear  almost  impossible  to  nujnber  the  stacs ;  yet; 
their  relative  situc^tions  have  been  so  carefully  ob- 
served by  asti'onomers,  that  they  have  not  only  been 
numbered,  but  even  their  places  in  tlie  heavens  have 
been  ascertained  with  greater  accuracy  than  the  re- 
lative situations  of  most  places  on  the  surface  of  the 
earth. 

The  greatest  number  of  stars  that  are  visible  to 
the  naked  eye,  are  to  be  seen  on  a  winter's  night? 
when  tlie  jiir  is  clear^  and  no  ipoon  appears.  But 
even  then  a  good  eye  can  scarce  distinguish  more 
than  one  thousand  at  a  time  in  the  visible  hemis- 
phere :  for,  tliough,  oi^  such  a  nighty  they  appear  to 
be  almost  innumerable,  tliis  appearance  is  a  decepr 
tion,  that  arises  from  our  viewing  them  in  a  transient 
^nd  confused  manner ;  whereas^  if  we  view  them 
distinctly,  and  only  consider  a  small  portion  of  the 
heavens  at  a  time,  and,  after  some  attention  to  the 
situation  of  the  remarkable  stare  contained  in  that 
portion,  begin  to  count,  we  shall  be  surprized  at  the 
smallness  of  their  number  and  the  ease  with  which 
they  may  be  enumerated ^ 

The  number  of  the  ancient  constellations  was  48; 
in  these  were  included  1022  stars.  Many  cqmt^^lr 
lations  have  been  added  by  modem  astronomers;  sp 
that  the  catalogue  of  Flanisteed  and  De  la  Caille, 
when  added  together,  are  found  to  contain  ^ar  five 
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thousand  stars.  The  names  of  the  constellations, 
their  situation  in  the  heavens,  with  other  particulars, 
are  best  learned  by  studying  the  artificial  representa- 
tion of  the  heavens,  a  modern  celestial  globe. 

The  Galaxy  or  milky  way  must  not  be  neglected  ; 
it  is  one  of  the  most  remarkable  appearances  in  the 
heavens  ;  it  is  a  broad  circle  of  a  whitish  hue^  in 
some  places  it  is  double,  but  for  the  most  part  con-^ 
sists  of  a  single  path  surrounding  the  whole  celestial 
concave.  The  great  Galileo  discovered  by  the  tele- 
scope, that  the  portion  of  the  heavens  which  this 
circle  passes  through  was  every  where  filled  with  an 
infinite  multitude  of  exceeding  small  stars,  too  small 
to  be  discovered  by  the  naked  eye,  but  by  the  com- 
bination of  their  light,  diffusing  a  shining  whiteness 
through  the  heavens.  Mr.  Brydone  says,  that  when 
he  was  at  the  top  of  Mount  JLtna,  the  milky  way 
had  the  most  beautiful  effect,  appearing  like  a  pure 
flame  that  shot  across  the  heavens. 

The  stars  appear  of  a  sensible  magnitude  to  the 
naked  eye,  because  the  retina  is  not  only  affected  by 
the  rays  of  light  which  are  emitted  directly  from 
them,  but  by  many  thousands  more,  which,  falling 
upon  our  eye-lashes,  and  upon  the  visible  aerial  par- 
ticles about  us,  are  reflected  into  our  eyes  so  strongly, 
as  to  excite  vibrations,  not  only  in  those  points  of 
the  retina  where  the  real  images  of  the  stars  are 
formed,  but  also  in  the  other  parts  round  about  it. 
This  makes  us  imagine  tlie  stars  to  be  much  bigger, 
than  they  would  be  if  we  saw  them  only  by  the  few 
rays  which  come  directly  from  them  to  our  eyes^ 
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without  bems:  intermixed  with  others.  Anv  one 
may  be  made  sensible  of  this,  by  looking  at  a  star 
of  the  first  magnitude  through  a  long  narrow  tube; 
which,  though  it  takes  in  as  much  of  the  sky  as 
would  hold  a  thousand  of  such  stars,  scarce  renders 
that  one  visible.  ^  ^ 

The  number  of  the  stars  almost  infinitely  exceeds 
what  we  have  yet  been  speaking  of.     An  ordinary 
telescope  will  discover,  in  several  parts  of  the  hea- 
vens, ten  times  as  many  stars  as  are  visible  to  the 
naked  eye.     Hooke  in  his  Micrographia  says,  that 
with  a  telescope  of  twelve  feet  he  discovered  seventy- 
eight  stars  among  the  Pleiades,  and  with  a  more  per- 
fect telescope  many  more.     Galileo  reckoned  eighty 
in  the  space  between  the  belt  and  the  sword  of  Orion, 
and  above  five  hundred  more  in  another  part  of  the 
same  constellation,  within  the  compass  of  one  or  two 
degrees  square.     Antonia  Maria  de  RJieita  counted 
in  the  same  constellation  above  ten  thousand  stars. 
Future  improvements  in  the  telescopes  may  enable 
us  to  discover  numberless  stars,  that  are  now  invisi- 
ble ;  and  many  more  may  be  which  are  too  remote 
to  be  seen  through  telescopes,  even  when  they  have 
received  their  ultimate  improvement.    Dr.  Herschely 
to  whose  ingenuity  and  assiduity  the  astronomical 
world  is  so  much  indebted,  and  whose  enthusiastic 
ardor  has  revived  the  spirit  of  discoveries,  of  which 
we  shall  speak  more  largely  in  another  part  of  this 
essay,  has  evinced  what  may  be  effected  by  improve- 
ments in  the  instruments  of  observation.     In  speak- 
ing here  of  his  discoveries,  I  shall  use  the  words  of 
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M.  De  la  Landc.^  ''^  In  passing  rapdly  over  the 
heavens  with  his  new  telescope,  the  universe  in- 
creased under  his  eye;  44000  stars,  seen  in  the  space 
of  a  few  degrees,  seemed  to  indicate,  that  tliere 
were  seventy-five  miUions  in  the  heavens."  He  has 
also  shewn  that  many  stars,  which  to  the  eye  or 
through  ordinary  glasses  appear  single,  do  in  fact 
consist  of  two  or  more  stars.-}-  The  Galaxy  or  milky 
way  owes  its  light  entirely  to  the  multitude  of  small 
stars,  placed  so  close  as  not  to  be  discoverable  even 
by  an  ordinary  telescope.  The  nebulae,  or  small 
whitish  sjjecks,  discerned  by  means  of  telescopes, 
owe  their  oi'igin  to  the  same  cause  ;  former  astrolo-? 
gers  could  only  reckon  103,  Dr.  Ilcrschel  has  disco- 
vered upwards  of  1250  of  these  plusters,  besides  ^ 
species  which  he  calls  planetary  nebulae.  But  what 
are  all  those,  when  compared  to  those  that  fill  the 
whole  expanse,  the  boundless  fields  of  ether !  Indeed, 
the  immensity  of  the  world  must  contain  such  num- 
bers, as  would  exceed  the  utmost  stretch  of  the  hur 
man  imagination:  for  who  can  say,  how  far  the 
universe  extends,  or  where  are  the  limits  of  it? 
where  the  Creator  staye<l  "  his  ra])id  wheels ;"  or 
where  he   "  fixed  the  golden  compasses  ?'' 

OF    THE    PLANETS,    AS    SEEX    FROM   THE    SUN. 

Our  solar  observer  having  attained  a  competent 
knowledge  of  the  fixed  starS;,   w^ill  now  apply  him- 

^  Momoircs  dc  I'Acadenile  dc  Dijon,  1785. 
+  In  all  the  larger  sort  of  telescopes,  the  apparent  number  of 
stars  is  found  to  be  encreascdj  as  the  aperture  of  the  tube  is  »ugi» 
men  ted.     f.dit. 
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pelf  to  consider  the  planets :  these,  as  we  have  al- 
ready observed,  he  will  soon  distinguish,  by  their 
motion,  from  the  fixed  stars ;  the  stars  always  re- 
maining in  their  places,  but  the  planets  will  be  seen, 
passing  by  them  with  unequal  velocities.  Thus,  on. 
observing  the  earth,  for  instance,  he  will  find  it 
moving  among  the  fixed  stars,  and  approaching 
nearer  and  nearer  to  the  more  eastern  ones  ;  in  a 
year  s  time  it  will  complete  its  revolution,  and  return 
to  the  same  place  again, 

He  will  find  seven  of  these  bodies  revolving  round 
the  sun,  to  each  of  which  he  will  assign  a  name, 
calling  the  swiftest  Mercury,  denominating  the  others, 
in  order,  according  to  their  velocities,  as  Venus,  then 
the  Earth,  and  afterwards  Mars,  Jupiter,  Saturn^ 
?ind  the  Georgimn  Sldus, 

Proceeding  with  attention  in  thus  exploring  and 
examining  the  heavens,  he  will  perceive  that  the 
Earth  is  always  accompanied  by  a  small  star,  Jupiter 
by  fou  r,  Saturn  by  seven,  and  the  Georgium  Sidus 
by  two  :  *  these  sometimes  precede,  as  others  follow ; 
now  pass  before,  and  then  behind  the  planets  they 
respectively  attend.  These  small  bodies  he  will  call 
secondary  planets,   satellites,  or  moons. 

The  observer,  by  remarking  the  exact  time  when 
each  planet  passes  over  some  fixed  star,  and  the  time 
they  employ  from  their  setting  out  to  tlieir  return  to 
the  same  star  again,  will  find  the  times  elapsing  be- 
tween each  successive  return  of  the  same  planet  to 

*  Four  more  have  lately  been  discoYered  by  Dr.*  Herschcty 
and  will  bo  hereafter   described,    edit. 
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the  same  star,  to  be  equal  ;  and  he  would  say,  that 
the  several  planets  describe  circles  in  several  periods ; 
but  that  each  of  them  always  completes  its  own  cir- 
cle in  the  same  space  of  time. 

He  will  further  observe,  that  there  are  certain  bo- 
dies, which  at  their  first  appearance  are  small,  ob- 
scure, ill-defined,  and  that  move  very  slow,  but 
which  afterwards  increase  in  magnitude,  light,  and 
velocity,  until  they  arrive  at  a  certain  size,  when 
they  lose  these  properties,  and  diminish  in  the  same 
manner  as  they  before  augmented,  and  at  last  dis- 
appear. To  these  bodies,  vvhicii  he  will  find  in  all 
the  reijions  of  the  heavens,  movinjr  in  different  di- 
rections,  he  will  give  the  name  of  comets. 

OF  THE  PATHS  OF  THE  PLANETS. 

Our  observer  will  take  notice,  that  the  planets  run- 
successively  through  those  constellations  which  he 
has  denominated  Aries,  Taurus,  Gemini,  Cancer^ 
Leo,  Plrgo,  Libra,  Scorpio,  Sagittarius,  Capricornies, 
Aquarius,  Pisces ;  and  that  they  never  move  out  of 
a  certain  space  or  zone  of  the  heavens,  which  we  call 
the  zodiac. 

He  will  find,  by  proceeding  in  his  obsei-vation, 
that  the  orbits  of  the  planets  are  not  all  in  the  same 
plane,  but  that  they  cross  each  other  in  different 
l)arts  of  the  heavens;  so  that,  if  he  makes  tlie  orbit 
of  any  one  planet  a  standard,  and  considers  it  as  hav- 
ing no  obliquity,  he  would  judge  the  paths  of  all 
the  rest  to  be  inclined  to  it;  each  j)lanet  having 
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one  half  of  its  path  on  one  side,  and  the  otiier  lialf 
on  the  opposite  side  of  the  standard  patli  or  orbit. 
Astronomers  generally  assume  the  earth's  orbit  as  a 
?taiidai*d  from  which  to  compute  the  iiioliiiation  of 
the  others,  and  call  it  the  ecliptic.  The  points  where 
the  orbits  intersect  each  other,  are  called  the  nodes. 

This  inclination  of  the  orbits  to  each  other  may 
be  rendered  more  familiar  to  the  imagination,  =^  by 
taking  as  many  hoops  as  there  are  planets,  with  a, 
wire  thrust  through  each,  and  thereby  joined  to  that 
hoop  which  represents  the  ecliptic  ;  the  other  hoops 
may  be  then  set  more  or  less  obliquely  to  the  repre- 
sentative of  the  ecliptic. 

The  several  orbits  do  not  cross  or  intersect  the 
ecliptic  in  the  same  point,  or  at  the  same  angles; 
but  their  nodes  or  mtersections^  are  at  different  parts 
of  the  ecliptic. 

It  should,  however,  be  observed  here,  that  in 
speaking  of  the  orbits  of  the  planets,  nothing  more 
is  meant  by  this  term,  than  the  paths  they  pass 
through  in  the  open  space  in  which  they  move,  and 
\n  which  they  are  retained  by  a  celestial  bnt  continu- 
ous mechanism. 


OF  THE  MOTION  OF  THE  PLANETS  ROUND  THEIR 
AXES. 

By  attentively  considering,  with  a  telescope,  the 
surface  of  the  primary  planets,  our  solar  obsetver 
will  find  that  some  parts  or  spots  are  more  obscure 
than  others.     By  continued  observation  he  will  find. 

*  Dr.  Wtt^fi^H  Astrouowr. 
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that  these  spots  change  their  places,  and  move  froni 
one  side  of  the  planet  to  the  other ;  then  disappeaf 
for  a  certain  space  of  time ;  after  which  they  again,- 
for  a  while,  become  visible  on  the  side  where  they 
were  first  seen,  always  continuing  the  same  motion 
nearly  in  an  uniform  manner.  The  distance  between 
the  spots  grows  wider  as  they  advance  from  the  edge 
towards  the  middle  of  the  planet^  and  then  grows 
narrow  again  as  they  pass  from  the  middle  to  the 
other  edge.  The  time  they  are  seen  on  the  planet's 
disc  is  somewhat  lets  than  the  time  of  their  disap- 
pearance. 

From  these  circumstances  he  will  conclude,  fi rsty 
that  these  spots  adhere  to  the  body  of  the  planet ;  and 
secondly,  that  each  planet  is  a  globe  turning  on  its 
acxis,  and  has  consequently  two  motions ;  one  where- 
by it  is  moved  round  its  axis  in  a  short  time^  th^ 
other  whereby  it  revolves  round  the  sun.  These  mo- 
tions may  be  easily  conceived,  by  only  imagining  a 
small  ball  to  roll  round  a  large  sphere.  The  first  of 
these  motions,  or  that  of  a  planet  round  its  axis,  is 
called  the  diurnal  motion;  and  the  second,-  or  its  re- 
volution round  the  sun,  is  called  the  annual  niotio?!. 

The  tutor  may  in  some  measure  realize  to  his  pu- 
pil the  foregoing  heliocentric  phenomena,  by  plate 
I,  Jig'  1,  of  the  solar  system;  or  still  much  better 
by  means  of  a  planetarium  :  for,  by  supposing  him- 
self on  the  brass  ball  which  represents  the  sun,  he 
will  see  that  all  the  planets  move  round  him  in  a  beau- 
tiful and  harmonious  order.  If  on  account  of  their 
distance,  he  refers  their  motions  to  the  fixed  stars. 
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he  will  see  how  readily  the  periods  of  their  revolu- 
tions may  be  obtained,  by  observing  the  time  that 
elapses  between  their  setting  out  from  any  fixed 
point,  or  star,  and  their  returning  to  the  same  again. 
He  will  also  see,  that  if  the  paths  of  the  planets 
were  in  one  plane,  as  in  the  instrument,  they  would 
all  be  transferred  to  one  circle  in  the  heavens. 

When  he  understands  these  particulars,  the  tutor 
may  proceed  to  shew  him  that  the  motions,  which 
are  so  regular  when  viewed  from  the  sun,  become 
intricate  and  perplexed  when  viewed  from  the  earth; 
«nd  infer  from  hence,  that  whenever  "  we  examine 
the  works  of  the  Deity  at  a  proper  point  of  distance, 
so  as  to  take  in  the  whole  of  his  design,  we  see  no- 
thing but  uniformity,  beauty,  and  precision."  Thusf 
the  heavens  present  us  with  a  plan,  which^  though 
inexpressibly  magnificent,  is  yet  regular  beyond  the 
power  of  invention  ;  and  the  volume  of  the  universe 
will  be  found  to  be  as  perfect  as  its  Author,  con- 
taining mines  of  truth  for  ever  opening,  fountains'^ 
of  good  for  ever  flowing,  an  endless  succession  of 
bright  and  still  brighter  exhibitions  of  the  glorious 
Godhead,  answering  to  the  nature  and  idea  of  infinite 
fulness  and  perfection. 


C  1^  3 
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PART  II. 

OF   TMfi  PHENOMENA    OF   THE    HEAVENS^      AS    SEEN* 
FROM    THE    EARTH. 

The  various  appearances  of  the  celestial  bodies  as 
seen  from  the  earth,  are  the  facts  which  lay  the 
foundation  of  all  astronomical  knowledge*  To  ac- 
count for,  and  explain  them,  is  its  principal  business; 
a  true  idea  of  these  phenomena  is  therefore  a  neces- 
sary step  to  a  knowledge  of  astronomy.  Let  us  there- 
fore suppose  ourselves  in  the  open  air,  contemplating 
the  appearances  that  occur  in  the  heavens. 

OF   THE   APPARENT   MOTION    OF   THE    SUN. 

The  first  and  most  obvious  phenomenon  is  thf 
daily  rising  of  the  sun  in  the  east,  and  his  setting  ia 
the  west ;  after  which  the  moon  and  stars  appear 
still  keeping  the  same  westerly  course,  till  we  lose 
sight  of  them  altogether.  These  appearances  give^ 
rise  to  what  is  called  the  apparent  diurnal  motion  of 
the  heavens. 

This  cannot  be  long  observed,  before  we  must 
also  perceive,  that  the  sun  does  not  always  rise  ex- 
actly at  the  same  point  of  the  heavens,  his  motions 
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deviating  considerably  at  particular  seasons  from 
those  they  perform  at  other  times.  Sometimes  we 
perceive  him  very  high  in  the  heavens,  as  if  he  would 
come  directly  over  our  heads;  at  other  times  he  is 
almost  sunk  in  the  southern  part  of  the  heavens.  If 
we  commence  our  observations  of  the  sun,  for  instance, 
in  the  beginning  of  March,  we  shall  find  him  ap- 
pear to  rise  more  to  the  northward  eveiy  day,  to 
continue  longer  over  the  horizon,  to  be  more  vertical, 
or  higher,  at  mid-day;  this  continues  till  towards 
the  end  of  June,  when  he  moves  backward  in  the 
same  manner,  and  continues  this  retrograde  motion 
till  near  the  end  of  December,  when  he  begins  to 
move  forwards,  and  so  on. 

It  is  this  change  in  the  sun  s  place  that  occasions 
him  to  rise  and  set  in  the  different  parts  of  the  hori- 
zon, at  different  times  of  the  year.  It  is  from  hence 
that  his  height  is  so  much  greater  in  summer,  than 
in  winter.  In  a  word,  the  change  of  the  sun  s  place 
in  the  li,eavens  is  the  cause  of  the  different  lengths 
in  the  days  and  nights,  and  the  vicissitudes  of  the 
seasons. 

As  the  knowledge  of  the  sun's  apparent  motion  is 
of  great  importance,  and  a  proper  conception  of  it 
absolutely  necessary,  in  order  to  form  a  true  idea  of 
the  phenomena  of  the  heavens  the  reader  will  ex- 
cuse my  dwelling  something  longer  upon  it.  If  on 
an  evening  we  take  notice  of  some  fixed  star  near 
the  place  where  the  sun  sets,  and  observe  it  for  se- 
veral successive  evenings,  we  shall  find  that  it  ap- 
proaches the  sun  from  day  to  day,  till  at  last  it  will 
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disappear,  being  effaced  by  his  light,  though  but  u 
few  days  before  it  was  at  a  sufficient  distance  from 
liim.  That  it  is  tlie  sun  w  hic;h  approaches  the  stars, 
and  not  the  stars  the  sun,  is  jjlain,  for  this  reason: 
the  stars  ahvays  rise  and  set  every  day  at  the  same 
points  of  the  horizon,  opposite  to  the  same  terrestrial 
objects,  and  are  always  at  the  same  distance  froui 
each  other;  whereas  the  sun  is  continually  changing 
both  the  place  of  its  rising  and  setting,  and  its  dis- 
tance from  the  stars. 

The  sun  advances  nearly  one  degree  every  day, 
moving  from  west  to  east;  so  that  in  365  days  we 
see  the  same  star  near  the  setting  sun,  as  was  ob- 
served to  be  near  him  on  the  same  day  in  the  pre- 
ceding year.  In  other  words,  the  sun  has  returned 
to  the  place  from  whence  he  set  out,  or  made  what 
we  call  his  annual  revolution. 

We  cannot  indeed  observe  the  sun's  motion  among 
the  fixed  stars,  because  be  darkens  the  heavens  by  his 
splendour,  and  effaces  the  feeble  light  of  those  stars 
that  are  in  his  neighbourhood;  but  we  can  observe 
the  instant  of  his  coming  to  the  meridian  altitude; 
we  can  also  compute  what  part  of  the  starry  heaven 
comes  to  the  same  meridian,  at  the  same  time, 
and  with  the  same  altitude.  The  sun  must  be  at 
that  point  of  the  starry  heavens  thus  discovered.  Or 
we  can  observe  that  point  in  the  heavens,  which 
comes  to  the  meridian  at  midnight,  with  a  declination 
as  fi\r  from  the  equator  on  one  side,  as  the  sun  s  is  on 
the  other  side;  and  it  is  evident,  the  sun  must  be  in 
that  prt  of  the  hejvvens,  which  is  diametrically  op- 
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posite  to  this  point.  By  either  of  these  methods  we 
can  ascertain  a  series  of  points  in  the  heavensj 
through  which  the  sun  passes,  forming  a  circle  called 
the  ecliptic  * 

OF   THE    APPARENT    PHENOMENA    OF   THE    MOON. 

The  motion  of  the  moon  through  the  heavens, 
and  her  appearance  therein,  are  still  more  remarkable 
than  those  of  the  sun;  she  engages  the  attention 
*^  by  the  nightly  changes  in  her  circling  orb".  At 
the  new  moo7i,  or  when  she  first  becomes  visible,  she 
is  seen  in  the  western  part  of  the  heavens,  at  no  grsat 
distance  from  the  sun.  She  increases  every  night 
hi  size,  and  removes  to  a  greater  distance  from  the 
sun,  till  at  last  she  appears  in  the  eastern  part  of  the 
horizon,  when  the  sun  is  disappearing  in  the  western; 
she  then  appears  with  a  full  round  face,  and  we  say 
it  is  full  moon.  After  this,  she  gradually  removes 
further  and  further  eastward,  till  at  last  she  seems  to 
approach  the  sun  as  nearly  in  the  east  as  she  did 
before  in  the  west,  and  rises  a  little  before  him  in 
the  morning;  whereas  in  the  first  part  of  her  course 
she  sets  in  the  west,  long  after  him.  All  these  dif- 
ferent appearances  happen  in  the  space  of  a  month, 
after  which  they  re-commence  in  the  same  manner; 
"  sometimes  half-restoring  day  v/ith  her  waxin*' 
brightness;  sometimes  waning  into  dimness,  and 
scarcely  scattering  the  nocturnal  gloom." 

*  The  conformity  of  this  definition  of  the  ecliptic,   witt  that 
given  in  page  13,  will  bo  s?cn  hereafter. 

B  2 
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There  is  sometimes  an  irregularity  iu  these  appear- 
s^nces,  particularly  in  harvest-time,  when  the  mooo 
appears  for  several  days  to  be  stationary  in  the  hea- 
vens, and  to  preserve  nearly  the  same  distance  from, 
the  sun ;  in  consCvquence  of  which,  she  rises  at  that 
season  of  the  year  nearly  at  the  same  hour  for  severa? 
nights. 


OF    THE    APPARENT    MOTION    OF    THE    STAR'S. 

In  contemplating  the  Stars,  it  is  observed  that 
some  among  them  have  the  singular  proj)erty  of 
neither  rising  in  the  east,  nor  setting  in  the  west; 
but  seem  to  turn  round  one  immoveable  point,  near 
which  is  placed  a  single  star,  called  the  j)ole,  or 
polar  star. 

This  point  is  more  or  less  elevated,  according  to 
the  part  of  the  earth  from  which  it  is  viewed.  Thus 
to  the  inhabitants  of  Lapland  it  is  much  more  ver- 
tical, or  elevated  above  the  horizon,  than  with  us: 
we  see  it  more  elevated  than  the  inhabitants  of  Spain: 
and  these  a^jain  s»e^  it  more  elevated  than  those  of 
Barbary.  By  continually  travelling  southward,  we 
should  at  last  see  the  pole  star  depressed  to  the  hori- 
zon, and  the  other  pole  would  appear  in  the  south 
part  of  the  horizon,  round  which  the  stars  in  that 
part  would  revolve.  There  is,  however,  no  star  in 
the  southern  hemisphere  so  near  the  pole  as  that  ii\. 
tlie  northern  hemisphere.  Supposing  us  still  to  tra- 
vel southward,  the  north  ])ole  would  entirely  dis- 
appear,  and   the  whole  hemisphere  would  seem  t# 
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turn  round  a  single  point  in  the  souths  «is  the  nor- 
thern hemisphere  appears  to  turn  round  the  polar 
star. 

The  general  appearance,  therefore,  of  the  starry- 
heaven  is  that  of  a  vast  concave  sphere  turning  round 
two  fixed  points  (diametrically  opposite  to  each  other, 
the  one  in  the  north,  the  other  in  the  south)  once 
in  twenty-four  hours. 

He|ice  it  is  that  the  stars,  though  they  keep  the 
^ame  relative  places  with  respect  to  each  other,  yet 
change  their  situation  very  sensibly  with  respect  to 
the  horizon;  some  rising  above,  others  descending 
below  it;  some  that  were  invisible,  now  becomino- 
visible ;  while,  on  the  other  hand,  many  are  disap- 
pearing. Some  never  descend  below  the  horizon; 
although,  as  they  turn  round,  they  are  sometimes 
nearer  to,  at  others,  further  from  it,  describing  Avhole 
^circles  about  a  point  above  it.  If  the  observer  turns 
himself  round,  he  will  find  some  stars  rise  only  as 
jit  were  to  set  again;  many  describing  small  arcs, 
;and  others  larger  ones.    ' 
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Besides  the  fixed  stars,  there  are  other  bodies  in 
the  heavens,  which  are  continually  changing  their 
places,  both  with  respect  to  the  stars,  and  one  ano- 
ther; these  are  called  planets.  They  move  among 
the  signs  of  the  zodiac,  never  departing  far  from  the 
ecliptic.  Their  apparent  motion  is  very  irregular- 
confused,  and  perplexed;  sometimes  they  appear  a^ 
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going  forwards,  sometimes  backwards,  and  at  otlier? 
are  staUonary. 

Mercury  emits  a  bright  white  hght,  but  keeps  so 
near  the  sun,  and  is  so  small,  that  he  is  very  seldom 
visible;  and  when  he  does  make  his  appearance,  his 
motion  towards  the  sun  is  so  swift,  that  lie  can  onl}^ 
be  discerned  for  a  short  time.  He  appears  a  little 
after  sun-set,  and  again  a  little  before  sun-rise. 

Venus  is  the  most  beautiful  star  in  the  heavens, 
known  by  the  names  of  the  morning  and  eveningstar. 
She  also,  like  Mercury,  keeps  near  the  sun,  though 
she  recedes  from  him  much  further,  and,  like  him, 
is  never  seen  in  the  eastern  quarter  of  the  heavens 
when  the  sun  is  in  the  western;  but  always  either 
attends  him  in  the  evening,  or  gives  notice  of  his 
approach  in  the  morning. 

Mars  is  of  a  red  fiery  colour,  giving  a  much  dul- 
ler light  than  Venus,  though  he  sometimes  appears 
almost  equal  to  her  in  size.  He  is  not  subject  to 
the  same  limitations  in  his  motions  as  Venus  and 
Mercury,  but  appears  sometimes  very  near  the  sun, 
at  others  at  a  greater  distance  from  him,  rising  when 
the  sun  sets,  or  setting  when  he  rises. 

Jupiter  and  Saturn  likewise  often  appear  at  great 
distances  from  the  sun.  The  former  shines  with  a 
bright  light,  the  latter  with  a  pale  faint  one.  The 
motion  of  Saturn  among  the  fixed  stars  is  so  slow, 
that  unless  carefully  observed,  and  that  for  some 
time,  he  will  not  be  thought  to  move  at  all. 

The  Georgium  Sidus  is  the  planet  discovered  by 
Dr.  HerscheL     It  is  reckoned  to  be  twice  the  dis- 
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tance  of  Saturn  from  the  sun,  but  cannot  be  readily- 
perceived  without  the  assistance  of  a  telesco})e. 

From  the  preceding  observations,  any  person  may 
easily  learn  to  distinguish  all  the  planets.  For  if 
after  sun-set  he  sees  a  planet  nearer  the  east  than  the 
\vest,  he  may  conclude  that  it  is  neither  Mercury 
nor  Venus ;  and  may  determine  whether  it  be  Saturn, 
Jupiter,  or  Mars,  by  the  colour  and  light;  by 
which,  also,  he  may  distinguish  between  Venus  and 
Mercury. 

That  the  light  of  each  planet  has  its  peculiar  tinge; 
and  that  there  are  certain  fixed  stars  that  have  the 
same  teints,  was  known  to  the  Chaldjeans.  It  is  an 
observation  best  verified  in  those  countries,  where 
the  air  is  the  clearest. 

Besides  the  motions  which  we  observe  in  all  the 
planets,  their  apparent  magnitudes  are  very  different 
at  different  times.  Every  one  must  have  observed 
that  Venus,  though  she  constantly  appears  with  great 
splendour,  is  not  always  of  the  same  size:  but  this 
difference  of  magnitude  is  most  conspicuous  in  Mars, 
it  is  remarkable  in  Jupiter,  but  less  so  in  Saturn 
and  Mercury. 

The  only  phenomena  visible  to  the  unassisted 
sight,  besides  those  already  described,  are  those  un- 
expected obscurations  of  the  sun  and  moon,  called 
eclipses,  *  of  which  we  shall  hereafter  speak  more 
particularly. 

*  To  these  cortainly  may  be  added  comets,  of  which,  a  very 
remarkable  oneexhibited  in  the  Autumn  of  1807,  his  striking  figure 
and  majestic  course  in  our  northern  hemisphere. — Edit. 
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I  have  now  described  those  appearances,  which  arc 
the  most  striking  to  every  person  who  has  paid  the 
least  attention  to  what  is  passing  over  his  head.  The 
tutor  would  do  well  in  his  place,  first,  to  bring  his 
pupil  acquainted  with  the  appearances  themselves, 
and  then  explain  them  to  him  by  the  globe,  or  some 
other  instrument.  It  would  not  be  amiss,  if  he  were 
now  to  instruct  him  by  practical  observations,  and 
shew  him,  by  a  small  quadrant,  how  to  measure  the 
elevation  of  the  stars,  &c.  always  remembering  that 
young  minds  are  ever  active  in  search  of  impressions 
from  external  objects ;  and  that  these  are  more  per- 
manent than  those  made  by  words ;  in  the  former, 
the  mind  energizes,  and  is  brought  into  action;  in  the 
latter,  it  is  in  a  great  degree  passive. 


[      25      ] 

ESSAY  L 

PART  III. 

OF   THE    COPERNICAN    OR    SOLAR    SYSTEM. 

After  having  stated  what  would  be  the  appearances 
of  the  heavenly  bodies,  if  we  were  placed  at  the  cen- 
tre of  the  system,  and  then  given  a  general  view  of 
their  phenomena,  as  seen  from  the  earth ;  it  will  now 
be  proper  to  shew  how  the  irregularities  that  are  dis- 
covered in  one  situation  are  to  be  reconciled  with  the 
harmony  and  order  that  would  be  visible  if  they 
were  to  be  seen  from  the  other;  or,  in  other  words, 
to  shew  why  the  motions  of  the  planets  appear  to 
us  so  different  from  what  they  really  are. 

One  of  the  ends  for  which  man  was  formed,  is  to 
correct  appearances  and  errors,  by  the  investigation 
of  truth;  whoever  considers  him  attentively,  from 
infancy  to  manhood,  and  from  manhood  to  old  age^ 
will  find  him  ever  busy  in  endeavouring  to  find  some 
reality,  to  supply  the  place  of  the  false  appearances, 
by  which  he  has  hitherto  been  deceived. 

It  is  the  business  of  the  present  part  of  this  Essay 
to  correct  the  errors  arising  from  appearances,  and 
to  point  out  truth  by  a  brief  detail  of  the  principal 
parts  of  the  Copernican  system,  which  is  now  uni- 
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versiilly  received,  because  it  rationally  accounts  for 
and  accords  with  the  phenomena  of  tlie  heavens. 

"  At  the  appointed  time,  when  it  pleased  the  Su- 
preme Dispenser  of  eveiy  good  gift  to  restore  light 
to  a  bewildered  world,  and  more  particularly  to  ma- 
nifest his  wisdom  in  the  simplicity,  as  well  as  in  the 
grandeur  of  his  works,  he  opened  the  glorious  scene 
with  a  revival  of  sound  astronomy >;"=*  and  raised  uj) 
Copernicus  to  dispel  the  darkness  in  which  it  was 
then  involved. 

The  Copernican  system  consists  of  the  sun,  seven 
primary,  fourteen  secondaiy  planets,  and  the  comets. 

The  seven  planets.  Mercury,  Venus,  the  Earth, 
Mars,  Jupiter,  Saturn,  and  the  Georgium  Sidus, 
.move  round  the  sun,-}-  in  orbits  included  one  within 
the  other,  and  in  the  order  here  used  in  mentioning 
their  names,  Mercury  being  that  which  is  nearest 
the  sun. 

The  seven  which  revolve  round  the  sun  as  their 
centre,  are  called  primanj  planets. 

The  fourteen  planets,  which  revolve  round  the 
primary  ones  as  a  centre,  and  are  at  the  same  time 
carried  round  the  sun  with  them,  are  called  secondary 
planets,  vwons,  or  satellites. 

The  Georgiuin  Sidus  is  attended  by  two  moons, 
Saturn  by  seven,  Jupiter  by  four,  and  the  Earth  by 
one ;  all  of  these,  excepting  the  last,  ai^   invisible  to 

*  Pringlv\  Six  Discourses  to  tlic  Royal  Society. 
+  The  sun  is  not  absolutely  at  rest,  being   subject  io  a  small 
di'^Fv-M  of  m'^tioii,  which  is  considered  in  larger  v,  oi'k.s  on  Astro- 
nomy. ' 


OF   THE    COPERNICAN    SYSTEM.  2? 

the  naked  eye,  on  account  of  the  smallness  of  their 
size,  and  the  greatness  of  their  distance  from  us. 

Mercury  and  Venus,  being  within  the  Earth\<? 
orbit,  are  called  hfer  lor  planets-,  but  Mars,  Jupiter, 
Saturn,  and  the  Georgium  Sidus,  being  without  it, 
are  cdAled  .superior  planets. 

The  orbits  of  all  the  planets  are  elliptical ;  but  as 
the  principal  phenomena  of  the  Copeniican  system 
may  be  satisflictorily  illustrated,  by  considering  them 
as  circular,  the  latter  supposition  is  usually  adopted 
in  giving  a  general  idea  of  the  disposition  and  motion 
of  the  heavenly  bodies. 

Before  we  enter  into  a  description  of  the  solar  sy- 
tem,  it  may  be  necessary  to  define  what  is  meant  by 
the  «j: /a- of  a  planet;  lest  the  pupil  should  conceive 
them:  to  turn  on  such  material  axes,  as  are  used  in 
the  machines  which  are  contrived  to  represent  the 
planetary  system. 

The  axis  of  a  planet  is  aline  conceived  to  be  drawn 
throusrh  its  centre,  and  about  which  it  is  conceived 
to  turn  in  the  course  of  its  revolution  round  the  sun; 
the  extremities  of  this  line  terminate  in  opposite 
points  of  the  surface  of  the  planet,  and  are  called  its 
^oZe*;  that  which  points  towards  the  northern  part 
of  the  heavens,  is  called  the  7iorth  pole;  that  which 
points  towards  the  southern,  the  south  pole.  A  ball 
whirled  from  the  hand  into  the  open  air,  turns  round 
upon  a  line  within  itself,  while  it  is  moving  forward; 
such  a  line  as  this  is  meant,  when  we  speak  of  the 
axis  of  a  planet. 
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Ft g.\, plate  1, represents  the  solar  system,  wlierriM 
O  denotes  the  sun ;  AB,  the  circle  which  the  nearesi. 
planet.  Mercury,  describes  in  moving  round  it;  CI), 
that  in  which  Venus  moves;  FG,  the  orbit  of  the 
earth;  HK,  tliat  of  Mars;  IN,  that  of  Jupiter;  OP, 
that  of  Saturn;  and  QR,  that  of  the  Georgium  Sidus. 
Beyond  this  are  the  starry  heavens. 

The  sun  and  the  planets  are  sometimes  expressed 

lay  marks  or  characters,  instead  of  writing  their  names 

at  length.     The  characters  are  as  follow:  O  the  Sun, 

5    Mercury,    $    Venus,    0   the   Earth,  (S   Mars, 

%  Jupiter,  T;>  Saturn,  IJ  Georgium  Sidus^ 

OF   THE    SUK. 

iThe  sun  is  the  centre  of  the  system,  round  which 
the  rest  of  the  planets  revolve.  It  is  the  first  and 
greatest  object  of  astronomical  knowledge,  and  is 
alone  enough  to  stamp  a  value  on  the  science  to  which 
it  belongs.  The  Sun  is  the  parent  of  the  seasons; 
•day  and  night,  summer  and  winter,  are  among  its 
jurprizing  effects.  All  the  vegetable  creation  are 
the  offspring  of  his  beams ;  our  own  lives  are  support- 
ed by  it-  influence.  Nature  revives,  and  puts  on  a 
new  face,  when  it  approaches  nearer  to  us  in  spring; 
and  sinks  into  a  temporary  death  at  his  departure 
from  us  in  winter. 

Hence  the  Sun  was  with  propriety  called  by  the 
ancients  cor  cooU,  the  heart  of  heaven;  for,  as  the 
heart  is  the  heart  of  the  animal  system,  so  is  the 
iSunthe  centre  of  our  universe.     As  the  heart  is  th^ 
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fountain  of  the  blood,  and  the  centre  of  heat  and 
motion ;  so  is  the  Sun  the  hfe  and  heat  of  the  world, 
and  the  first  mover  of  the  mundane  system.  When 
tlie  heart  ceases  to  beat,  the  circuit  of  life  is  at  an^ 
end;  and  if  the  Sun  should  cease  to  act,  a  total 
stagnation  would  take  place  throughout  the  whole 
frame  of  nature. 

Tlie  Sun  is  placed  near  the  centre  of  the  orbits  of 
all  the  planets,  and  turnaround  his  axis  in  25^  days^ 
His  apparent  diameter,  at  a  mean  distance  from  the 
earth,  is  about  32  minutes  12  seconds. 

Those  who  are  not  accustomed  to  astronomical 
calculation,  will  be  surprized  at  the  real  magnitude 
of  this  luminary ;  which  on  account  of  its  distance 
from  us,  appears  to  the  eye  not  much  larger  than 
the  moon,  which  is  only  an  attendant  on  our  earth. 
When  looking  at  the  Sun,  they  are  viewing  a  globe, 
whose  diameter  is  890,000  English  miles;  whereas 
the  earth  is  not  more  in  diameter  than  79T^  miles : 
so  that  the  Sun  is  about  1,392,500  times  bigger  than 
the  earth.  Thus,  as  it  is  the  fountain  of  light  and 
heat  to  all  the  planets,  so  it  also  far  surpasses  them 
in  its  bulk. 

If  the  Sun  were  every  where  equally  bright,  his 
rotation  on  his  axis  would  not  be  perceptible;  but 
by  means  of  the  spots  which  are  visible  on  his  pure 
^nd  lucid  surface,  we  are  enabled  to  discover  this 
aiotion. 

When  a  spherical  body  is  near  enough  to  appear 
of  its  true  figure,  this  appearance  is  owing  to  the 
shading  upon  the  different  parts  of  its  surface :  for 
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as  a  flat  circular  piece  of  board,  when  it  is  properly 
shaded  by  painting,  will  look  like  a  splierical  body ; 
so  a  spherical  body  appears  of  its  true  shape,  for  the 
same  reason  that  the  plane  board,  in  the  present  in- 
stance, appears  spherical.  But  if  the  sphere  be  at  a 
great  distance,  this  difference  of  shadinj^  cannot  be 
discerned  by  the  eye,  and  consequently  the  sphere 
will  no  longer  appear  of  its  true  shape;  the  shading 
is  then  lost;  and  it  seems  like  a  flat  circle. 

It  is  thus  with  the  Sun;  it  appears  to  us  like  a 
bright  flat  circle,  which  flat  circle  is  termed  the 
sun's  disc.  By  the  assistance  of  telescoj)es,  dark 
spots  have  been  observed  on  this  disc,  and  found  to 
have  a  motion  from  east  to  west;  their  velocity  is 
greater  when  they  are  at  the  centre,  than  when  they 
are  near  the  limbi  They  are  seen  flrst  on  the  east- 
em  extremity,  by  degrees  they  come  forwards  to- 
wards the  middle,  and  so  pass  on  till  they  reach 
the  western  edge;  they  then  disappear;  and  after 
they  have  lain  hid  about  the  same  time  that  they  con- 
tinued visible,  they  appear  agaui  as  at  first.  By  this 
motion  we  discover  not  only  the  time  the  sun  em- 
ploys in  turning  round  his  axis,  but  also  the  inclina- 
tion of  his  axis  to  the  plane  of  the  ecliptic* 

I 
*  The  young  observer  may  view  llie  spo(.s  of  the  sun  MJfli  a  re- 

fracfing  telescope  of  two  or  throe  feel,  or  a  reflecting  one  of  12 
inches,  18  inches,  or  two  feet,  taking  care  to  guard  the  eye  with 
a  dark  glass,  to  take  off  the  glaring  light;  or  the  image  or  pic- 
ture of  the  sun,  with  his  spots,  may  be  thrown  iuto  a  dark  room, 
through  a  telescope,  and  received  upon  a  piece  of  paper  placed 
Rcarer  or  farther  from  the  glass  at  pleasure. 
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The  j3age  of  history  informs  us,  that  there  have 
been  periods,  w  hen  the  sun  has  wanted  of  its  ac- 
customed brightness,  shone  with  a  dim  and  obscure 
light  for  the  space  of  a  whole  year.  This  obscurity 
lias  been  supposed  to  arise  from  his  surface  being  at 
those  times  covered  with  spots.  Spots  liave  been 
seen  that  were  much  larger  than  the  earth.     > 

The  sun  is  supposed  to  have  an  atmosphere,  which 
occasions  that  appearance  which  is  termed  the  zodi- 
cal  U"-]it.  This  lig^ht  is  seen  at  some  seasons  of  the 
year,  either  a  little  after  sun-set,  or  a  little  before 
sun-rise.  It  is  faintly  bright,  and  of  a  whitish  co- 
lour, resembling  the  milky  way.  In  the  morning 
it  becomes  brighter  and  larger,  as  it  rises  above  the 
horizon,  till  the  approach  of  day,  which  diminishes 
its  splendor,  and  renders  it  at  last  invisible.  Its 
figure  is  that  of  a  flat  or  lenticular  spheroid,  seen  in 
profile.  The  direction  of  its  longer  axis  coincides 
with  the  plane  of  the  sun's  equator.  But  its  length 
is  subject  to  great  variation,  so  that  the  distance  of 
its  summit  from  the  sun,  varies  from  45  to  120  de- 
grees. It  is  seen  to  the  bert  advantage  about  the 
solstices.  It  was  first  described  and  named  by  Cassbii^ 
in  l683;  it  was  noticed  by  jMr,  Childreij.  about  the 
year  l650. 
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OF     THE     INFERIOR     PLANETS,      MERCURY    AND 

VENUS. 

OF    MERCURY,     g 

Of  all  the  planets,  Mercury  is  the  least;  at  the 
flame  time,  it  is  that  which  is  nearest  the  sun.  It  is 
from  his  proximity  to  this  globe  of  light,  that  he  is 
so  seldom  within  the  sphere  of  our  observation,  being 
lost  in  the  splendor  of  the  solar  brightness  ;  yet 
it  emits  a  very  bright  white  light.  It  is  oftener  seen 
in  those  paits  of  the  world,  which  are  more  south- 
ward than  that  which  we  inhabit;  and  oftener  to  us 
than  to  those  who  live  nearer  the  north  pole ;  for  the 
more  oblique  the  sphere  is,  the  less  is  the  planet's 
elevation  above  the  horizon. 

Mercury  never  removes  but  a  few  degrees  from  the 
sun.  The  measure  of  a  planet's  separation,  or  dis- 
tance, from  the  sun,  and  is  called  its  elongation. 
His  greatest  elongation  is  never  more  than  28  degrees, 
or  about  as  far  as  the  moon  appears  to  be  from  the 
sun,  the  second  day  after  new  moon.  In  some  of  its 
revolutions,  the  elongation  is  not  more  than  1 8  de- 
grees. 

Mercury  is  computed  to  be  3/  millions  of  miles 
from  the  sun,  and  to  revolve  round  him  in  8/  days, 
23  hours,  and  nearly  l6  minutes,  which  is  the  mea- 
sure of  its  year,  about  one  fourth  of  our  s.  As  from 
the  nearness  of  this  planet  to  the  sun,  we  neither 
know  the  time  it  revolves  round  its  axis,  nor  the  in- 
clination of  that  axis  to  the   plane   of  its  orbit,  we 
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ftre  necessarily  ignorant  of  the  length  of  Its  day  and 
night,  or  the  variety  of  seasons  it  may  be  liable  to. 
Mercury  is  3000  miles  in  diameter.  Large  as  Mer- 
cury, when  thus  considered,  appears  to  be,  it  is  but 
an  atom  when  compared  with  Jupiter,  whose  dia- 
meter is  90,000  miles.  Its  apparent  diameter,  at  a 
mean  distance  from  the  earth,  is  20  seconds. 

Mercury  is  supposed  to  move  at  the  rate  of 
1 10,680  miles  per  hour.  The  sun  is  above  26,000,000 
times  as  big  as  Mercury;  so  that  it  would  apj^ear  to 
the  inhabitants  of  Mercury  nearly  three  times  larger 
than  it  does  to  us ;  and  its  disc,  or  face,  about  seven 
times  the  size  we  see  it.  As  the  other  five  planets 
are  above  Mercury,  their  phenomena  will  be  nearly 
the  same  to  it  as  to  us.  Venus  and  the  earth,  when 
in  opposition  to  the  sun,  will  shine  with  full  orbs, 
and  afford  a  brilliant  appearance  to  the  Mercurian 
spectator. 

Mercury,  like  the  moon,  changes  its  phases,  ac- 
cording to  its  several  positions  with  respect  to  the 
sun  and  earth.  He  never  appears  quite  round  or 
full  to  us,  because  his  enlightened  side  is  never 
turned  directly  towards  us,  except  when  he  is  so 
near  the  sun  as  to  become  invisible.  The  times  for 
making  the  most  favourable  observations  on  this 
planet  are,  when  it  passes  before  the  sun,  and  is  seen 
traversing  his  disc  in  the  form  of  a  black  spot:  this 
passage  of  a  planet  over  the  face  of  the  sun  is  called 
a  transit.  It  happens  in  its  lower  conjunction,  at  a 
particular  situation  of  the  nodes ;  which  leads  us  to 
mention  their  place  in  the  ecliptic. 
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The  angle  formed  by  the  inclination  of  the  orbit 
of  Mercury  with  the  plane  of  the  ecliptic,  is  16" 
59';  the  noiie  from  which  Mercury  ascends  north- 
^vard,  above  the  plane  of  the  ecliptic,  is  16'  T  30"; 
in  Taurus,  the  opposite  one,  14°  1  24";  in  Sagitta- 
rius, its  nodes  move  forward  about  50"  per  year. 

If  Mercury,  at  his  inferior  conjunction,  come* 
to  either  of  his  nodes  about  these  times,  he  will  ap- 
pear to  transit  over  the  disc  of  the  sun.  But  in  all 
other  parts  of  his  orbit  his  conjunctions  are  invisibly 
because  he  either  goes  above  or  below  the  sun. 

OF  VENUS.        9 

Venus  is  the  brightest  and  largest,  to  appearance, 
©f  all  the  planets,  distinguished  from  them  all  by  a 
superiority  of  lustre ;  her  light  is  of  a  white  colour, 
and  so  considerable,  that  in  a  dusky  place  she  pro- 
jects a  sensible  shade. 

The  diameter  of  Venus  is  7*^99  miles;  her  dis-. 
tance  from  the  sun  is  69,500,000  miles;  she  goes 
round  the  sun  in  224  days,  16  hours,  49  minutes, 
moving  at  the  rate  of  80,995  mijes  per  hour.  Her 
motion  round  her  axis  has  been  fixed  by  some  at  23 
hours,  22  minutes;  by  others,  at  above  24  days. 
She,  like  Mercury,  constantly  attends  the  sun,  never 
departing  from  him  above  47  or  48  degrees.  Like 
Mercury,  she  is  never  seen  at  midnight,  or  in  oppo- 
sition to  the  sun,  being  visible  only  for  three  or  four 
hours  ill  the  morning  or  evening,  according  as  sh© 
is  before  or  after  the  sun. 
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One  would  not  imagine  that  this  planet^  which 
appears  so  much  superior  to  Saturn  in  the  heavens, 
is  so  inconsiderable  when  compared  to  it;  for  the 
diameter  of  Saturn  is  nearly  7 8,000  miles;  while, 
on  the  other  hand,  one  would  scarce  imagine  that 
Venus,  which  appears  but  as  a  lucid  spangle  in  the 
lieavens,  was  so  large  a  globe  as  she  truly  is  ;  her 
diameter  being  7)^99  tniles.  It  is  the  distance  which 
produces  these  effects;  which  gives  and  takes  away 
the  magnitude  of  things.  Her  apparent  size  varies 
with  her  distance ;  at  some  seasons  she  appears  near 
32  times  larger  than  at  others* 

When  this  planet  is  in  that  part  of  its  orbit  which 
is  west  of  the  sun,  that  is,  from  her  inferior  to  her 
superior  conjunction,  she  rises  before  him  in  the 
morning,  and  is  called  phosphorus  or  lucipher^  or  the 
morning  star.  When  she  appears  east  of  the  sun,  that 
is,  from  her  superior  to  her  inferior  conjunction,  she 
sets  in  the  evening  after  him;  or,  in  other  words, 
shines  in  the  evening  after  he  sets,  and  is  called 
hesperus  or  vesper ,  or  the  evening  star. 

The  inhabitants  of  Venus  see  the  planet  Mercury 
always  accompanying  the  sun ;  and  he  is  to  them,  by 
turns,  an  evening  or  a  morning  star,  as  Venus  is  to 
us.  To  the  same  inhabitants,  the  sun  will  appear 
almost  twice  as  laro^e  as  he  does  to  us. 

Venus,  when  viewed  through  a  telescope,  is  sel- 
dom seen  to  shine  with  a  full  face;  but  has  phases, 
just  like  the  moon,  from  the  fine  thin  crescent  to 
the  enlightened  hemisphe%.  Her  illuminated  part 
r§  constantly  turned   towards   the  sun;    h©n«e   its 
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horns  are  turned  towards  the  east  when  it  is  a  morn- 
ing star,  and  towards  the  west  when  it  is  an  even- 
ing star.  Soi^ie  astronomers  have  thought  they  per- 
ceived  a  satelhte  moving  round  Venus;  but,  as  suc- 
ceeding observers  have  not  been  able  to  verify  their 
observations,  they  are  supposed  to  have  originated 
in  error.  In  observing  the  transit  of  Venus,  Mr. 
Dunn,  and  other  gentlemen,  saw  a  penumbra  which 
took  place  about  five  seconds  before  the  contact, 
preceding  the  egress  of  the  planet;  and  from  thence 
they  concluded,  that  it  had  an  atmosphere  of  about 
50  geographical  miles  in  height. 

We  are  told,  that  when  Copernicus  first  published 
his  account  of  the  solar  system,  it  was  objected  to 
him  that  it  could  not  be  true ;  because,  if  it  was, 
the  inferior  planets  must  have  different  phases,  ac- 
cording to  their  different  situation  w  ith  respect  to 
the  sun  and  earth ;  whereas  they  always  appear  round 
to  us.  The  answer  said  to  be  made  by  him  is,  that 
they  appear  round  to  the  eye  by  reason  of  their  dis- 
tance; but,  if  we  could  have  a  nearer,  or  more  dis- 
tinct view  of  them,  we  should  see  in  them  the  same 
phases  as  we  do  in  the  moon.  The  invention  of 
telescopes  is  said  to  have  verified  this  prediction  of 
Copernicus,  But  it  is  neither  probable  that  a  de- 
fender of  the  Ptolemaic  system  should  make  such 
an  objection,  or  Copernicus  such  an  answer;  since^ 
in  the  Ptolemaic,  as  well  as  in  the  Copernican  sys- 
tem, the  shape  of  these  planets  ought  to  change  just 
as  the  moon  dc^es;  consequently,  the  mere  change 
of  shape  in  the  inferior  planets  is  an  argument  which, 
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in  the  common  way  of  urging  it,  proves  nothing  at 
all  as  to  the  truth  or  falsehood  of  the  Coj>erniccm  sys- 
tem, li'y  besides  the  changes  of  sha|>e  made  in  the 
inferior  planets,  we  consider  the  situation  of  the 
planets  with  respect  to  the  sun,  when  these  changes 
happen,  this,  indeed,  will  shew  us  that  the  Ptole- 
maic system  is  false*;  as  will  be  seen  in  a  subsequent 
part  of  these  Essays. 

Venus  is  sometimes  seen  passing  over  the  disc  of 
tlie  sun,  as  a  round  dark  spot.  These  appearances, 
which  are  called  ^ra??.y/^*,  happen  very  seldom;  though 
there  have  been  two  within  these  few  years,  the  one 
in  June  176lj>  the  other  in  June  I^GQ;  the  next 
will  be  in  the  year  1 8/4. 


OF  THE  EARTH.       0 

The  next  planet  that  comes  before  us  is  the  Earth 
that  we  inhabit:  small  as  it  really  is,  when  com- 
pared to  some  of  the  other  planets,  it  is  to  us  of  the 
highest  importance ;  we  wish  only  to  attain  know- 
ledge of  others,  that  we  may  find  out  their  relation 
to  this,  and  from  thence  learn  our  connection  with 
the  universe  at  large.  But,  when  viewed  with  an 
eye  to  eternity,  its  value  to  us  is  heightened  in  a 
manner  that  exceeds  expression,  and  surpasses  all 
the  powers  of  the  human  mind.  He  alone  can  form 
jK)me  idea  of  it^who^  in  the  regions  of  celestial  bliss, 

*  Rutherford's  System  of  Natural  Philosophy,  toI.  ii.  p.  7&1. 
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is  become  a  partaker  of  the  length  and  breadth, 
the  depth  and  height,  of  divine  love. 

The  orbit  of  the  Earth  is  placed  between  those  of 
Venus  and  Mars.  The  diameter  of  the  Earth  is 
7970  miles;  its  distance  from  the  sun  is  96  millions 
of  miles,  and  goes  round  him  in  a  year,  or  365  days, 
6  hours,  9  initiutes;  moving  at  the  rate  of  68,856 
miles  per  hour.  Its  apparent  diameter,  as  seen 
from  the  sun,  is  about  21  seconds. 

It  turns  round  its  axis  from  west  to  east  in  !}4 
hours,  which  occasions  the  apparent  diurnal  motion 
of  the  sun,  and  all  the  heavenly  bodies  round  it, 
fi'oni  east  to  west  in  the  same  time;  it  is  of  course 
the  cause  of  their  rising  and  setting,  of  day  and 
night. 

The  axis  of  the  Earth  is  inclined  23  i  degrees  t6 
the  plane  of  its  orbit,  and  keeps  in  a  direction  paral- 
lel to  itself  throughout  its  annual  course,  which  causes 
the  returns  of  spring  and  summer,  autumn  and  win- 
ter. Thus  his  diurnal  motion  gives  us  the  grateful 
vicissitude  of  night  and  day,  and  his  annual  motion 
the  regular  succession  of  seasons, 

OF  TIIE  MOON.       ([ 

Next  to  the  sun,  the  Moon  is  the  most  splendid 
and  shining  globe  in  the  heavens,  the  satellite,  or 
inseparable  companion  of  the  earth.  By  dissipating, 
in  some  measure,  the  darkness  and  horrors  of  the 
night,  subdividing  the  year  into  months,  and  regu- 
lating the  flux  and  reflux  of  the  e^a,  she  not  only 
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"becomes  a  pleasing,  but  a  welcome  object;  an  ob- 
ject affording  much  for  speculation  to  the  contem- 
plative mind,  of  real  uss  to  the  navigator,  the 
traveller,  and  the  hasbandaian.  The  Hebrews,  the 
Greeks,  the  Romans,  and,  in  general,  all  tlie  an- 
cients, used  to  assemble  at  the  time  of  new  moon^ 
to  discharge  the  duties  of  piety  and  gratitude  for  its 
manifold  uses. 

That  the  moon  appears  so  much  larger  than  the 
other  planets,  is  owing  to  her  vicinity  tons;  for,  to 
a  spectator  in  the  sun  she  would  be  scarcely  visible, 
without  the  assistance  of  a  telescope.  Her  distance 
is  but  small  from  us,  when  compared  with  that  of  the 
other  heavenly  bodies;  for  among  these,  the  least 
absolute  distance,  when  put  down  in  numbers,  will 
appear  great,  and  the  smallest  magnitude  immense. 

The  Moon  is  2l6l  miles  in  diameter;  her  bulk  is 
about  i  V  of  the  earth's ;  her  distance  from  the  centre 
of  the  earth  240,000  miles ;  she  goes  round  her  orbit 
in  27  days,  7  hours,  43  minutes,  moving  at  the  rate 
of  2299  miles  per  hour.  The  time  in  going  round 
the  earth,  reckoning  from  change  to  change,  is  29 
'days,  1 2  hours,  44  minutes.  Her  apparent  diameter, 
at  a  mean  distance  from  the  earth,  is  31'  1 6^";  but 
as  viewed  from  the  sun,  at  a  mean  distance  about  6'". 

Her  orbit  is  inclined  to  the  ecliptic,  in  an  angle 
of  five  degrees,  1 8  minutes,  cutting  it  in  two  points, 
which  are  diametrically  opposite  to  each  other;  these 
points  are  called  her  nodes.  Her  nodes  have  a  motion 
westward,  or  contrary  to  tlie  order  of  the  signs,  mak- 
ing a  complete  revolution  in  about  19  years;  in  which 
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time  each  node  returns  to  that  point  of  the  ecHptic 
whence  it  before  receded. 

If  the  moon  were  a  body  possessing  native  Hght, 
we  should  not  perceive  any  diversity  of  appearance ; 
but,  as  she  shines  entirely  by  light  received  from 
the  sun,  and  reflected  by  her  surface,  it  follows,  that, 
according  to  the  situation  of  the  beholder  with  re- 
spect to  the  illuminated  part,  he  will  see  more  or 
less  of  her  reflected  beams ;  for  only  one-half  of  a 
globe  can  be  enlightened  at  once. 

Hence,  while  she  is  making  her  revolution  round 
the  heavens,  she  undergoes  great  changes  in  her  ap- 
pearance. She  is  sometimes  in  our  meridian  at  mid- 
night, and,  therefore,  in  that  part  of  the  heavens 
which  is  opposite  to  the  sun :  in  this  situation  she 
appears  as  a  complete  circle,  and  it  is  said  to  hej'ull 
moon.  As  she  moves  eastward,  she  becomes  deficient 
on  the  west  side,  and  in  about  7t  days  comes  to  the 
meridian  at  about  six  in  the  morning,  having  the  ap- 
pearance of  a  semicircle,  with  the  convex  side  turned 
towards  the  sun  ;  in  this  state,  her  appearance  is 
called  the  half  moon.  Moving  on  still  eastward,  she 
becomes  more  deficient  on  the  west,  and  has  the 
form  of  a  crescent,  with  the  convex  side  turned  to- 
wards the  sun;  this  crescent  becomes  continually 
more  slender,  till  about  fourteen  days  after  the  full 
moon,  she  is  so  near  the  sun  that  she  cannot  be  seen, 
on  account  of  his  great  splendor.  About  four  days 
after  this  disappearance,  she  is  seen  in  the  evening  a 
little  to  the  eastward  of  the  sun,  in  the  form  of  a  fine 
crescent,  with  the  convex  side  turned  from  the  sun ; 
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moving  still  to  the  eastward,  the  crescent  becomes 
more  full ;  and,  \^  hen  the  Moon  comes  to  the  meri- 
dian, about  six  in  the  evening,  she  has  again  the 
appearance  of  a  bright  semicircle:  advancing  still  to 
the  eastward,  she  becomes  fuller  on  the  east  side ; 
at  last,  in  about  2.9  i  days,  she  is  again  opposite  to  the 
sun,  and  again  full.  It  frequently  happens  that  the 
Moon  is  eclipsed  when  at  the  full ;  and  that  the  sun 
is  eclipsed  some  time  between  the  disappearance  of 
the  Moon  in  the  morning  on  the  west  side  of  the  sun, 
and  her  appearance  in  the  evening  on  the  east  side 
of  the  sun.  The  nature  of  these  phenomena  will  be 
more  fully  considered,  when  we  come  to  treat  par- 
ticularly of  eclipses. 

In  every  revolution  of  the  Moon  about  the  earth, 
she  turns  once  round  upon  her  axis,  ftnd  therefore 
alw^ays  presents  to  us  the  same  face;  and  as,  during 
her  course  round  the  earth,  the  sun  enlightens  suc- 
cessively every  part  of  her  globe  only  once,  conse- 
quently she  has  but  one  day  in  all  that  time,  and 
her  day  and  night  together  are  as  long  as  our  lunar 
month.  As  we  see  only  one  side  of  the  Moon,  we 
are  therefore  invisible  to  the  inhabitants  on  the  op- 
posite side,  without  they  take  a  journey  to  that  side 
which  is  next  to  us ;  for  which  purpose  some  of  them 
must  travel  more  than  1500  miles. 

As  the  Moon  illuminates  the  earth  by  a  light  re- 
flected from  the  sun,  she  is  reciprocally  enlightened, 
but  in  a  much  greater  degree  by  the  earth,  for  the 
i^urface  is  above  thirteen  times  greater  than  that  of 
the  Moon ;  and,  therefore,  supposing  their  power  of 


4-2  OF  THE  SUPERIOR  PLANETS. 

reflect!  11 C!^  light  to  be  equal,  the  earth  will  reflect 
thirteen  times  more  light  on  the  Moon  than  she  re- 
ceives from  it.  When  it  is  what  we  call  New  Moon, 
we  shall  appear  as  a  Full  Moon  to  the  Lunarians ;  a» 
it  increases  in  light  to  us,  ours  will  decrease  to  them; 
in  a  word,  our  earth  will  exhibit  to  them  the  same 
phases  as  she  does  to  us. 

We  have  already  observed,  that  from  one  half  of 
the  Moon  the  earth  is  never  seen;  from  the  middle  of 
the  other  half,  it  is  ahvays  seen  over  head,  turning 
round  almost  thirty  times  as  quick  as  the  Moon  does. 
'!  o  her  inhabitants  the  earth  seems  to  be  the  largest 
body  in  the  universe  ;  about  thirteen  times  as  large 
to  them,  as  she  does  to  us.  As  the  earth  turns 
round  its  axis,  the  several  continents  and  islands  ap- 
pear to  the  Lunarians  as  so  many  spots  of  different 
forms ;  by  these  spots  they  may  determine  the  time 
of  the  earth's  diurnal  motion  ;  by  these  spots,  they 
may  perhaps  measure  their  time ;  they  cannot  have 
&  better  diah 
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Mars,  Jufiter,  Saturn,  and  the  Georglum  Sidits, 
are  called  superior  planets,  because  they  are  higher 
in  the  system,  or  farther  from  the  centre  of  it  than 
the  earth  is. 

They  exhibit  several  phenomena,  which  are  very 
diiferent  from  those  of  Mercury  and  Venus ;  among 
other  things,  they  come  to  our  meridian  both  at 
noon  and  midnight,  and  are  never  seen  crossing  the 
lun  8  disc. 
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Mars  is  the  least  bright  and  elegant  of  all  the 
planets;  its  orbit  lies  between  that  of  the  Earth  and 
Jupiter;  but  very  distant  from  both.  He  appears  of 
a  dusky  reddish  hue  ;  from  the  dulness  of  his  appear- 
ance, many  liave  conjectured  that  he  is  encompassed 
with  a  thick  cloudy  atmosphere;  his  light  is  not 
near  so  bright  as  that  of  Venus,  though  he  is  some-» 
times  nearly  ecjual  to  her  in  size. 

Mars,  which  appears  so  inconsiderable  in  the  hea- 
vens, is  5,309  miles  in  diameter.  Its  distance  from 
the  sun  is  146,000,000  miles.  It  goes  round  the 
sun  in  one  year,  321  days,  23  hours;  moving  at  the 
rate  of  55,287  miles  per  hour.  It  revolves  round 
its  a^  is  in  about  24  hours,  40  minutes.  To  an  in- 
habitant in  Mars,  the  sun  would  appear  one-third 
less  in  diameter  than  it  does  to  us.  Its  apparent  dia- 
meter, as  viewed  at  a  mean  distance  from  the  earth, 
in  30  seconds. 

Mars,  when  in  opposition  to  the  sun,  is  five  times 
nearer  to  us  than  when  in  conjunction.  This  has  a 
very  visible  effect  on  the  appearance  of  the  planet, 
causing  him  to  appear  much  larger  at  some  periods 
than  at  others. 

The  analogy  between  Mars  and  the  earth  is  by 
far  the  greatest  in  the  whole  solar  system;  their 
diurnal  motion  is  nearly  the  same ;  the  obliquities  of 
their  respective  ecliptics  not  very  different.  Of  all 
the  superior  planets,  that  of  Mars  is  by  far  the  nearest 
like  the  earth;  nor' will  the  Martial  year  appear  so 
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dissimilar  to  ours,  when  we  compare  it  with  the 
long  duration  of  the  years  of  Jupiter,  Saturn,  and  the 
Georgium  Sidns.  It  probably  has  a  considerable  at- 
mosphere; for  besides  the  permanent  spots  on  its 
surface.  Dr.  Ilerschel  has  often  perceived  occasional 
changes  of  partial  bright  belts,  and  also  once  a  dark- 
ish oiie  in  a  pretty  high  latitude;  alterations  which 
we  can  attribute  to  no  other  cause,  than  the  variable 
disposition  of  clouds  and  vapours  floating  in  the  at- 
mosphere of  the  planet, 

A  spectator  in  Mars  will  rarely,  if  ever,  see  Mer- 
cury, except  when  he  sees  it  passing  over  the  sun  s 
disc.  Venus  will  appear  to  him  at  about  the  same 
distance  from  the  sun,  as  Mercury  appears  to  us. 
The  earth  will  appear  about  the  size  of  Venus,,  and 
never  above  48  degrees  from  the  sun;  and  will  be^ 
by  turns,  a  morning  and  evening  star  to  the  inha- 
bitants of  Mars.  It  appears,  from  the  most  accu- 
rate observations,  that  Mars  is  a  spheroid,  or  flatted 
sphere,  the  equatorial  diameter  to  the  polar  being  in 
the  proportion  of  about  131  to  127;  and  there  i? 
reason  to  suppose  that  all  the  planets  are  of  this 
flgure. 

OF  JUPITER.      11 

Jupiter  is  situated  still  further  in  the  system, 
revolving  round  the  sun  between  Mars  and  Saturn. 
It  is  the  largest  of  all  the  plaiiets,  and  easily  distin- 
guished from  them  by  his  peculiar  magnitude  and 
light.  To  the  naked  eye  it  appears  almost  as  large 
as  Venus,  but  not  altogether  so  bright. 
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Jupiter  revolves  round  its  axis  in  nine  hours,  5 6 
minutes  ;  its  revolution  in  its  orbit  to  the  same  point 
of  the  ecUptic,  is  1 1  years,  314  days,  10  hours.  The 
disproportion  of  Jupiter  to  the  earth,  in  size,  is  very 
great ;  viewing  him  in  the  heavens,  we  consider  him 
as  small  in  magnitude  ;  whereas  he  is  in  reality 
,90,228  miles  in  diameter;  his  distance  from  the  sun 
is  494,750,000  miles;  he  moves  at  the  rate  of  rather 
more  tiian  29,083  miles  per  hour.  Its  apparent 
diameter,  as  seen  at  a  mean  distance  from  the  earth, 
is  39". 

To  an  eye  placed  in  Jupiter,  the  sun  would  not 
be  a  fifth  part  of  the  size  he  appears  to  us,  and  his 
disc  be  25  times  less.  Though  Jupiter  be  the  largest 
of  all  the  planets,  yet  its  revolution  round  its  axis  in 
the  swiftest.  The  polar  axis  is  shorter  than  the 
equatorial  one,  and  his  axis  perpendicular  to  the 
;  plane  of  his  orbit. 

Jupiter,  when  in  opposition  to  the  sun,  is  much 
nearer  the  earth,  than  when  he  is  in  conjunction 
with  him ;  at  those  times  he  appears  also  larger,  and 
more  luminous  than  at  other  times. 

In  Jupiter,  the  days  and  nights  are  of  an  equal 
length,  each  being  about  five  hours  long.  We  have 
already  observed,  that  the  axis  of  his  diurnal  rota- 
tion is  nearly  at  right  angles  to  the  plane  of  his' an- 
nual one;  and  consequently  there  can  be  scarce  any 
difference  in  seasons:  and  here,  as  far  as  we  may 
reason  from  analogy,  we  may  discover  the  footsteps 
of  wisdom;  for,  if  tlie  axis  of  this  jjlanet  were  in- 
clined by  any  considerable  number  of  decrees,  just 
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€o  many  degrees  round  each  pole  would,  m  their  turh, 
be  almost  six  years  in  darkness  ;  and  as  Jupiter  is  of 
such  an  amazing  size,  in  this  case,  immense  regions 
of  land  would  be  uninhabitable. 

Jupiter  is  attended  by  four  satellites,  or  moons; 
these  are  invisible  to  the  naked  eye;  but  through  a 
telescope  they  make  a  beautiful  appearance.  As 
our  moon  turns  round  the  earth,  enlightening  the 
nights,  by  reflecting  the  light  she  receives  from  the 
sun,  so  these  also  enlighten  the  nights  of  Jupiter; 
and  move  round  him  in  different  periods  of  times, 
propoilioned  to  their  several  distances:  and  as  the 
moon  keeps  company  with  the  earth  in  its  annual 
revolution  round  the  sun,  so  these  accompany  Ju- 
piter in  its  course  round  that  luminary. 

In  speaking  of  the  satellites,  we  disting'uish  them 
according  to  their  places;  into  the  first,  second,  and 
so  on;  by  the  first,  we  mean  that  which  is  nearest 
to  the  planet. 

The  outermost  of  Jupiter  s  satellites  will  appear 
almost  as  big  as  the  moon  does  to  us;  hve  times  the 
diameter,  and  twenty-five  times  the  disc  of  the  sun. 
The  four  satellites  nmst  affoid  a  pleasing  spectacle 
to  the  inhabitants  of  Jupiter ;  for  sometimes  they 
will  rise  all  together;  sometimes  be  all  together  on 
the  meridian,  ranged  one  under  another,  besides 
frequent  eclipses.  Notwithstanding  the  distance  of 
Jupiter  and  his  satellites  from  us,  the  eclip^ies  thereof 
are  of  considerable  use  for  ascertaining  with  accuracy 
tlie  longitude  of  places.  From  the  four  satellites, 
the  inhabitants  of  Jupiter  will  have  foiu*  different 
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kinds  of  months,  and  the  number  of  them  la  their 
year  not  less  than  4,500. 

Ari  astronomer  in  Jupiter  will  never  see  Mercury, 
Venus,  the  Earth,  or  Mars ;  because,  from  the  im- 
mense distance  at  which  he  is  placed,  they  must 
appear  to  accompany  the  sun,  and  rise  and  set  with 
him;  but  then  he  will  have  for  the  objects  of  obser- 
vation, his  own  four  moons,  Saturn,  his  ring  and  sa- 
tellites, and  probably  the  Georgium  Sidus. 

OF  SATURN.        h, 

Before  the  discovery  of  the  Georgium  Sidus,  Sa^ 
turn  was  reckoned  the  most  remote  planet  in  our 
system:  he  shines  but  with  a  pale  feeble  light,  less, 
bright  than  Jupiter,  though  less  ruddy  than  Mars, 
The  uninformed  eye  imagines  not,  when  it  is  directed 
to  this  little  speck  of  light,  that  it  is  viewing  a 
large  and  glorious  globe,  one  of  the  most  stupend- 
ous of  the  planets,  whose  diameter  is  nearly  78,000 
miles.  We  need  not,  however,  be  surprised  at  the 
vast  bulk  of  Saturn,  and  its  disproportion  to  its  ap- 
pearance in  the  heavens;  for  we  are  to  cpnsider  that 
all  objects  decrease  in  their  apparent  magnitude,  in 
proportion  to  their  distance;  but  tha  distance  of  Sa- 
turn is  immense;  that  of  the  earth  from  the  sun  is 
§6,000,000  miles;  of  Saturn,  916,500,000  miles. 

The  length  of  a  planet's  year,  or  the  time  of  its 
revolution  round  its  orbit,  is  proportioned  to  its  dis- 
tance from  the  sun.  Saturn  goes  round  the  sun  in 
'^9  years,  167  days,  six  hours;  moWng  at  the  rate. of 
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rather  more  than  22,2.98  miles  per  hour.     Mis  appa- 
rent diameter,  at  a  mean  distance  from  the  earth,  is  1 6'. 

It  has  not  yet  been  asoertaineti  with  certainty  by- 
astronomical  observation,  whether  Saturn  revolves 
or  not  upon  his  axis.  The  sun's  disc  will  appear 
ninety  times  less  to  an  inhabitant  of  Saturn,  than  it 
does  to  us ;  but  notwithstanding  the  sun  appears  so 
small  to  the  inhabitants  of  the  regions  of  Jupiter 
and  Saturn,  the  light  that  he  will  aii'ord  them  is  much 
more  than  would  be  at  first  supposed ;  and  calcula- 
tions have  been  made,  from  which  it  is  inferred,  that 
the  sun  will  afford  500  times  as  much  light  to  Sa- 
turn, as  the  full  moon  to  us;  and  Ib'OO  times  as  much 
to  Jupiter.  To  eyes  like  ours,  unassisted  by  in- 
struments, Jupiter  and  the  GeoVgium  Sidus  would 
be  the  only  planets  seen  from  Saturn;  to  ^vhom 
Jupiter  would  sometimes  be  a  morning,  sometimes 
an  evening,  star. 

One  of  the  first  discoveries  by  the  telescope,  when 
brought  to  a  tolerable  degree  of  perfection,  was, 
that  Saturn  did  not  appear  like  other  planets.  Ga- 
lileo^  in  l6lO,  supposed  it  composed  of  three  stars 
or  globes,  a  larger  in  the  middle,  and  a  smaller  on 
each  side;  and  he  continued  his  observations  till  the 
two  lesser  stars  disappeai'ed,  and  tbis  planet  looked 
like  the  others.  Further  observation  shewed  that 
what  Galileo  took  for  two  stars,  were  parts  of  a  ring. 
This  singular  and  curious  appendage  to  tlie  planet 
Saturn,  is  a  thin,  broad,  opake  ring,  encompassing 
the  body  of  the  planet,  without  touching  it,  like  thq 
horizon  of  an  artificial  globe;  appearing  double  when. 


OF    SATURN.  49 

viewed  through  a  good  telescope.  The  space  be- 
tween the  ring  and  the  globe  of  Saturn  is  supposed 
to  be  rather  more  than  the  breadth  of  the  ring,  and 
the  greatest  diameter  of  the  ring  to  be  in  propor- 
tion to  that  of  the  globe,  as  seven  to  three ;  the 
plane  of  the  ring  is  inclined  to  the  plane  of  the  eclip- 
tic, in  an  angle  of  SO^,  and  is  about  21,000  miles 
in  breadth.  It  puts  on  different  appearances  to  us, 
sometimes  being  seen  quite  open,  at  others  only  as 
SI  line  upon  the  equator.  It  is  probable,  that  it  will 
at  times  cast  a  shadow  over  vast  regions  of  Saturn's 
body.  The  ring  of  Saturn,  considered  as  a  broad 
flat  ring  of  solid  matter,  suspended  round  the  body 
of  the  planet,  and  keeping  its  place  without  any 
connection  with  the  body,  is  quite  diflferent  from  all 
other  planetary  phenomena  with  which  we  are  ac- 
quainted.  Of  the  nature  of  this  ring,  various  and 
uncertain  were  the  conjectures  of  the  first  observers, 
though  not  more  perplexed  than  those  of  the  latest. 
Of  its  use  to  the  inhabitants  of  Saturn,  we  are  as 
ignorant  as  of  its  nature ;  though  there  are  reasons 
for  supposing  that  it  would  appear  to  them  as  little 
more  than  a  white  or  bright-coloured  cloud.  Some 
of  the  phenomena  of  Saturn  s  ring  will  be  treated 
of  more  particularly  in  another  part  of  this  Essay. 

Saturn  is  not   only  furnished  with  this  beautiful 
ring,  but  has  also  seven  attendant  moons. 
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From  the  time  of  Ilui/gcns  and  Cassinl,  to  the  dis- 
covery of  the  GeorglumSidiishy  Dr.  He  rschei,  though 
the  intervening  space  was  long,  though  tlie  number 
of  astronomers  was   increased,  though  assiduity    in 
obsen^ing  was  assisted  by  accuracy  and  perfection  in 
the  instruments  of  oUservation,  yef  no  new 'disco- 
very was  made  in  the  heavens ;  the   boundaries  of 
our  system  were  not  enlarged.  The  inquisitive  mind 
naturally  enquires,  why,  when  the  number  of  those 
that  cultivated  the  science  was  increased,  when  tlie 
science  itselt.  was  ?o .  much  improved,  in  practical 
discoveries,  it  was  so  deficient  ?     A  small  knowledge 
of  the  human  mind  will  answer  the  question,  and 
obviate  the  difiiciilty.     The  mind  of  man  has  a  na- 
tural propensity  to  indolence  ;  the  ardour  of  its  pur- 
suits^ when  they  are  unconnected  with  selfish  views, 
are  soon  abated  ;  small  difliiculties  discourage,  little 
mconveniences   fatigue  it,    and  reason    soon    finds 
excuses  to  justify,  and  eyei^^  applaud  this    weakness. 
Ip^.the  present  instance^  the;  unmanageable   length 
of  the  telescopes  that  were  in^  use,  and  the  continual 
exposure  to  the  cold  air  of  the  night,  w  ere  the  difll/^ 
culties  that  the  astronomer  had  to  encounter  with  ; 
and  he  soon  persuaded  himselfj  that  the  same  effects 
would  be  produced  by  shorter  telescopes,  with  equal 
magnifying  power;  herein  was  his  mistake;  and  hence 
the  reason  why  so  few  discoveries  have  been  made 
since  the  time  of  Cassini.     A  similar  instance  of  the 
retrogradation  of  science 'occurs  in  the  history  of 
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the  microscope,  as  I  have  shewn  in  my  Essays  on 
that  instrument. 

The  Georgium  Sidus  was  discovered  by  Dr^  Hers^ 
chel,  in  the  year  178I  :  for  this  discovery  he  ob- 
tained from  the  Royal  Society  the  honorary  recom- 
penceofSir  Godfrey  Copley  s  medal.  He  named  the 
planet  in  honour  of  his  Majesty  King  George  III. 
the  Patron  of  science,  who  has  taken  Dr.  Herschel 
under  his  patronage,  and  granted  him  an  annual 
salary.  By  this  munificence  he  has  given  scope  to 
a  very  uncommon  genius,  and  enabled  him  to  pro- 
secute his  favourite  studies  with  unremitted  ardour. 

In  so  recent  a  discovery  of  a  planet  so  distant, 
many  particulars  cannot  be  expected.  Its  year  is 
supposed  to  be  more  than  80  siderial  years  ;  its  dia- 
meter 34,299  miles  ;  the  inclination  of  its  orbit  43' 
35'';  its  diameter,  compared  to  that  of  the  earth,  as 
431,769  to  I  ;  in  bulk  it  is  8,049,256  times  as  large 
as  the  earth.  Its  light  is  of  a  bluish  white  colour,  and 
its  brilliancy  between  that  of  the  Moon  and  Venus. 

Though  the  Georgium  Sidus  was  not  known  as  a 
planet  till  the  time  of  Dr.  Herschel^  yet  there  are 
many  reasons  to  suppose  it  had  been  seen  before,  but 
had  been  considered  as  a  fixed  star.  Dr.  HerscheVs 
attention  was  first  engaged  by  the  steadiness  of  its 
light ;  this  induced  him  to  apply  higher  magnifying 
powers  to  his  telescope,  which  increased  the  diameter 
of  it :  in  two  days  he  observed  that  its  place  was 
changed  ;  he  then  concluded  it  was  a  comet ;  but 
in  a  little  time  Dr.  Maskelyney  himself,  and  others, 
tletermined  that  it  was  a  planet,  from  its  vicinity  t» 
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the  ecliptic,  the.  direction  of  its  motion,  being  sta- 
tionary in  the  time,  and  in  such  circumstances  as  to 
correspond  with  similar  appearances  in  otlier  planets. 
With  a  telescope,  which  magnifies  about  300 
times,  it  appears  to  have  a  very  well-defined  visible 
disc ;  but  with  instmments  of  a  smaller  power  it 
can  hardly  be  distinguished  from  a  fixed  star,  be- 
tween the  sixth  and  seventh  magnitude.  When 
the  moon  is  absent,  it  may  be  seen  by  the  naked 
eye. 

Dr.  Herschel  has  since  discovered  that  it  is  at- 
tended by  six  satellites  :  a  discovery  which  gave  him 
considerable  pleasure,  as  the  little  secondary  planets 
seemed  to  give  a  dignity  to  the  primary  one,  and 
raise  it  into  a  more  conspicuous  situation  among  the 
great  bodies  of  our  solar  system. 

As  the  distances  of  the  planets,  when  marked  in 
miles,  are  a  burthen  to  the  memory,  astronomers 
often  express  their  mean  distances  in  a  shorter  way, 
by  supposing  the  distance  of  the  earth  from  the  sun 
to  be  divided  into  ten  parts.  Mercury  may  then  be 
estimated  at  four  of  such  parts  from  the  sun,  Venus 
at  seven,  the  Earth  at  ten.  Mars  at  fifteen,  Jupiter 
at  fifty-two  such  parts,  Saturn  at  ninety-five,  and  the 
Georgium  Sidus  I90  parts. 

By  comparing  the  periods  of  the  planets,  or  the 
time  they  take  to  finish  their  revolutions,  with  their 
distance  from  the  sun,  they  are  found  to  observe  a 
wonderful  l^armony  and  proportion  to  each  other  ; 
for  the  nearer  any  planet  is  to  the  sun,  the  sooner 
;do€s  he  finish  his  revolution.     And  in  this  there  is  a 
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constant  and  immutable  law,  which  all  the  bo- 
dies of  the  universe  inviolably  observe  in  their  cir- 
culations; namely,  Ihat  the  squares  of  their  perio- 
dical times  are  as  the  cubes  of  their  distances  from  the 
centre  of  the  orbit,  about  which  they  regularly  per- 
form their  motions.  We  are  indebted  to  the  sagacity 
of  Kepler  for  the  discovery  of  this  law ;  he  was  in- 
deed one  of  the  first  founders  of  modem  astronomy. 

I  cannot  conclude  this  general  survey  of  the  solar 
system  better  than  in  the  words  of  that  excellent 
mathematician,  Mr.  Maclaurin.  "  The  view  of  na- 
ture, which  is  the  immediate  object  of  sense,  is 
very  imperfect,  and  of  small  extent ;  but,  by  the  as- 
sistance of  art,  and  the  aid  of  reason,  becomes  en- 
larged, till  it  loses  itself  in  infinity.  As  magnitude 
of  every  sort,  abstractedly  considered,  is  capable  of 
being  increased  to  infinity,  and  is  also  divisible  with- 
out end  ;  so  we  find  that,  in  nature,  the  limits  of  the 
greatest  and  least  dimensions  of  things,  are  actually 
placed  at  an  immense  distance  from  each  other. 

"  We  can  perceive  no  bounds  of  the  vast  expanse, 
in  which  natural  causes  operate,  and  fix  no  limit,  or 
termination,  to  the  universe.  The  objects  we  com- 
monly call  great,  vanish,  when  we  contemplate  the 
vast  body  of  the  earth.  The  terraqueous  globe  itself 
is  lost  in  the  solar  system ;  the  sun  itself  dwindles 
into  a  star  ;  Saturn's  vast  orbit,  and  all  the  orbits  of 
the  comets,  crowd  into  a  point,  when  viewed  from 
numberless  places  between  the  earth  and  the  nearest 
fixed  stars.  Other  suns  kindle  to  illuminate  other 
gystems^  where  our  sui's  rays  are  unperceived  ;  but 
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they  also  are  swallowed  up  in  the  vast  expanse. 
When  we  have  risen  so  high^  as  to  leave  all  definite 
measures  far  behind  us,  we  find  ourselves  no  nearer 
to  a  term  or  limit. 

"  Our  views  of  nature,  however  imperfect,  serve 
to  represent  to  us,  in  a  most  sensible  manner,  that 
mighty  power  which  prevails  throughout,  acting 
with  a  force  and  efficacy  that  suffers  no  diminution 
from  the  greatest  distances  of  space,  or  intervals  of 
time ;  and  to  prove  that  all  things  are  ordered  by 
infinite  wisdom  and  perfect  goodness  ;  scenes  which 
should  excite  and  animate  us  to  correspond  with  the 
ge::eral  harmony  of  nature." 


ACCOUNT    OF   THE     DISCOVERY     OF     THE     FOUR    NEW 
PLANETS     NAMED       CERES,      PALLAS,      JUNO,      AND 

VESTA*. 

Professor  Piazzi,  of  the  university  of  Palermo,  in 
Italy^  a  very  able  astronomer,  discovered  on  the  first 
of  January,  1801,  a  moveable  star  which  had  the 
appearance  of  a  new  planet ;  he  estimated  its  bulk 
to  be  about  1  j  tliat  of  the  earth  ;  and  its  position  in 
our  system  to  be  between  Mars  and  Jupiter.  In 
compliment  to  the  present  sovereign,  the  founder  of 
the  Palermo  observatory,  he  denominated  it  Ceres 
Ferdinandia ;  and  it  is  now  generally  called  Ceres, 
Subsequent  observations  on  this  planetary  body 
made  by  Dr.  Mashelynty  Dr.  Herschel,  and  other 

♦  I  have  avnilcd  mysdf  of  the  opportunity,  in  the  present  edi- 
tion, of  iiibCitii.g  the  ab  vc  discoveries, — EwiT. 
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astronomers  of  this  country,  Fi-ance,  and  Germany, 
appear  at  present  to  confirm  it&  identity  with  the 
other  planets.  On  the  4th  of  February,  1802,  Dr. 
Ma  shell/ ne  at  the  Hoyal  Observator)',  Greenwich,  ob- 
served this  planet  passing  the  meridian,  between  3 
and  4  o'clock  in  the  mornincr,  havincr  about  18S* 
4'6  right  ascension,  and  12  38'  north  declination, 
in  appearance  like  a  star  of  the  8th  magnitude  ;  and 
precediiig  the  11th  of  the  same  month,  he  had  suf- 
ficiently observed  it,  so  as  fully  to  a9certain  its  mo- 
tion. With  a  power  of  6o,  it  appeared  to  have  a 
visible  disc,  when  on  the  meridian  ;  and  through  a 
clear  air,  the  disc  was  round  and  well  defined,  and 
rather  smaller  than  that  of  the  34  th  of  Virgo,  an  ap- 
proximate tstar  of  the  6th  ma..;nit4ide;  at  the  same  time 
Dr.  Masheiyne  remarked  that  the  smallness  and  ro- 
tundity of  the  appearance  of  the  fixed  stars  is  a  good 
criterion  of  the  clearness  of  the  air.  The  light  of 
this  planet  is  of  a  reddish  hue,  and  has  been  judged 
to  resemble  that  of  the  planet  Mars.  From  tiie  earth's 
position  and  quicker  motion  in  its  orbit,  it  appeared 
stationary  on  the  6th  and  7th  of  February  last,  and 
lias  had  since  an  apparent  retrograde  motion.  Dr. 
Herschel }\xdg<^%  it  to  be  not  larger  than  a  fourth  part 
of  the  diameter  of  the  Georgium  Sidus,  and  its  ap- 
parent diameter  22".  This  planet  was  in  opposition 
to  the  sun  on  March  I'J,  1802.  Therefoi-e,  at  this 
time,  October  6th,  its  proximity  to  the  sun,  and 
twilight,  prevents  any  observation.  In  ihQ  month 
of  January  next,  obsei^vations  of  it  may  be  re^asiumed. 
Baron  De  ZucUs  com]  utation  of  its  place  for  April 
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6lhlast,  was   178°  29'  right  ascension,  and  18'  10' 
north  dech nation. 

On  the  28th  of  March,  1802,  a  remarkable  dis- 
covery of  another  new  planetary  body  was  made  by 
Dr.  Olbers,  of  Bremen,  in  Germany  ;  it  is  of  small 
apparent  magnitude,  and  then  formed  an  equilateral 
triangle  with  the  stars  20  and  1 9  of  Virgo ;  he  found 
it  had  a  perceptible  change  of  place,  and  the  follow- 
ing observations  were  communicated  by  him  of  it, 
to  an  astronomer.  Dr.  Schroeter. 

1802.  March  28^  9'  25'  lo'   meantime 

App.  R.Ascen.   184°  56' 49" 
App.  Declin.         11     33  30  N 
29"^  8"  49'  14"  M.  T.  App.  R.  A.  184    46  36 

App.  Declin.  11  52  59  N 
Dr.  Olhcrs  did  not  observe  any  sensible  disc ;  in 
comparison  to  Ceres,  its  light  was  pale  and  white, 
and  less  bright  than  the  Georgium  Sid  us  ;  he  has 
given  it  the  name  of  Pallas.  From  calculations 
made  by  Dr.  Gauss,  founded  upon  a  set  of  ob  er- 
vations  by  Baron  de  Zuch,  it  appears  that  it  is  a 
planetary  body  moving  between  the  orbits  of  Mars 
and  Jupiter,  with  a  very  great  eccentricity  and 
inclination,  and  whose  orbit  comes  very  near  to  the 
orbit  of  the  planet  Ceres.  Dr.  Ilerschcl,  from  his 
observations  upon  this  planetary  body,  judges  the 
apparent  diameter  to  be  rather  less  than  Ceres,  about 
13"  or  17  ,  and  its  diameter  in  English  miles  93  or 
71,  and  that  of  Ceres  l63,  to  have  a  colour  less 
ruddy  than  Pallas  ;  both  this  and  Ceres,  to  have 
generally  comas  or  haziness  about  them,  he  thinks 
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that  they  both  differ  from  the  general  character  of 
planets  in  their  diminutive  dimensions,  in  their  great 
inclination  of  their  orbits,  in  the  comas  surrounding' 
them,  and  in  their  mutual  proximity  of  their  orbits  V 
that  they  differ  from  comets  in  their  defect  of  eccen- 
tricity, and  of  a  considerable  nebularity. 

Pallas,  like  Ceres,  will  not  be  sufficiently  apparent 
till  January  next  (1803).  Baron  de  Zuch  has  given 
us  the  positions  for  the  29th  of  June  last  (I8O2)  as 
follows,  IBS"  32'  right  ascension,  and  19° 6"  N.  de- 
clination, and  observes  that  it  may  be  difficult  to  find 
Pallas  next  year ;  for  the  elements  of  an  orbit  cal- 
culated upon  so  small  an  arc  as  7t",  may  give  an 
error  of   several   degrees   in   January,    1803. 

Dr.  Herschel,  from  his  observations  of  these  two  bo- 
dies, considers  them  as  holding  a  middle  rank  between 
planets  and  comets,  and  has  denominated  them 
Asteroids.  Philosophical  Transactions,  1802.  On 
this  account,  I  shall  forbear  the  insertion  of  the  seve- 
ral published  tables  of  the  motions  of  these  two 
planets,  as  calculated  upon  the  elements  computed 
by  various  ingenious  astronomers. 

Mr.  Harding,  of  Libenthal,  in  Bremen,  dis- 
covered, on  the  1st  of  September,  1804,  another 
kind  of  planet,  which  has  been  named  Juno,  with 
an  appearance  like  a  star  of  the  eighth  magnitude. 
This  and  the  preceding  two  have  been  judged  to  be 
nearly  equidistant  from  the  sun. 
!  Dr.  Olhers,  on  the  evening  of  the  29th  of  March, 
I80;,  discovered  another  planet,  which  has  been 
named  Vesta,     Its  right  ascension  then  was  184»  8', 
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and  declination  ll""  4f  W.  similar  to  a  star  of 
the  oth  magnitude,  and  not  ascertained  to  be  at  a 
distance  diiferent  from  the  three  others. 

The  places  of  tlie  Georgium  planet,  only,  are  an- 
nually published  in  the  Nautical  Ephemeris,  and 
that  of  White's  ;  and  it  can  only  be  from  a  con- 
tinued series  of  accurate  observations  for  a  length  of 
time,  that  proper  data  can  be  obtained  to  construct 
true  elements  from. 


AGREHABLE   TO   THE    COPERNICAN    SYSTEM. 

Having  given  a  ^nieral  idea  of  the  Copernican 
system,  and  the  bodies  of  which  it  is  composed,  it 
will  be  necessary  to  enlarge  these  ideas  by  a  more 
minute  description  of  the  particular  parts  which 
form  this  great  whole ;  and  to  strengthen  them  by 
tlie  force  of  that  evidence,  on  which  the  system  is 
founded. 


OF  THE  FIGURE  AND  MAGNITUDE  OF  THE  EARTH. 

The  places  of  the  heavenly  bodies  could  not  be 
settled  with  accuracy  from  observations  made  on  the 
surface  of  the  earth,  unless  its  Hgure  and  magnitude 
were  previously  known ;  and,  without  this  know- 
ledge, computations  from  the  observations  of  the 
heavenly  bodies,  for  ascerfciining  the  situation  of 
places  on  the  eartli^  could  not  be  depended  on. 
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I  have  already  observed,  that  the  appearance  of 
the  heavenly  bodies  is  not  the  same  to  the  inhabit- 
ants of  various  parts  ct  the  earth  ;  that  tlie  sun,  the 
moon,  and  the  stars,  rise  and  set  in  Greenland  in  a 
manner  very  ditferent  from  what  they  do  in  the 
JEast  Indies,  and  in  both  places  very  different  to  what 
they  do  in  England  :  and,  as  it  was  natural  to  attri- 
bute the  cause  of  this  -change  in  the  apparent  face  of 
the  heavens  to  the  ligure  of  the  earth  (for  appear- 
ances must  ever  answer  to  the  form  and  structure  of 
the  things),  the  nature  of  this  figure  was,  therefore, 
one  of  the  first  objects  of  inquiry  among  philoso- 
phers and  astronomers. 

Some  of  the  sages  of  antiquity  concluded,  that  the 
earth  must  necessarily  be  of  a  spherical  figure,  be- 
cause that  figure  was,  on  many  accounts,  the  most 
convenient  for  the  earth,  as  an  habitable  world: 
they  also  argued,  that  this  figure  was  the  most  na- 
tural ;  because  any  body  exposed  to  forces,  which 
tend  to  one  common  centre,  as  is  the  case  with  the 
earth,  would  necessarily  assume  a  round  figure. 
The  assent,  however,  of  the  modern  philosopher  to 
this  truth,  was  not  determined  by  speculative  reason- 
ing, but  on  evidence  derived  from  facts  and  actual 
observation.     From  these  I  shall  select  those  arom- 
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ments,  that  I  think  will  have  the  greatest  weight 
with  young  minds. 

It  is  known,  from  the  laws  of  optics  and  perspec- 
tive, that  if  any  body,  in  all  situations,  and  under  all 
circumstances,,  project  a  circular  shadow y  that  body 
must  be  a  globe. 
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It  is  also  known,  that  eclipses  of  the  moon  are 
caused  by  the  shadow  of  the  earth. 

And  we  find  that,  whether  the  shadow  be  pro- 
jected towards  the  east  or  west,  the  north  or  the 
south,  under  every  circumstance  it  is  circular  :  the 
body,  therefore,  that  casts  the  shadow,  which  is  the 
earth,  must  be  of  a  globular  figure. 
■-  We  shall  obtain  another  convincing  proof  of  the 
globular  shape  of  the  earth,  by  inquiring  in  what 
manner  a  person  standing  upon  the  coast  of  the  sea, 
and  waiting  for  a  vessel,  which  he  knows  is  to  arrive, 
sees  that  \^essel.  We  shall  find  that  he,  first  of  all, 
and  at  the  greatest  distance,  sees  tlie  top  of  the  mast 
rising  out  of  the  water ;  and  the  appearance  is  as  if 
the  ship  was  swallowed  up  in  the  water.  As  he  con- 
tinues to  observe  the  object,  more  and  more  of  the 
mast  appears  ;  at  length  he  begins  to  see  the  toj)  of 
the  deck,  and  by  degrees  the  whole  body  of  the 
vessel.  On  the  other  hand,  if  the  ship  be  departing 
from  us,  we  first  lose  sight  of  the  hull,  at  a  greater 
distance  the  main-sails  disappear,  at  a  still  greater 
the  top-sails.  But  if  the  surface  of  the  sea  were  a 
plane,  the  body  of  the  ship,  being  the  largest  part  of 
it,  would  be  seen  first,  and  from  the  greatest  distance, 
and  the  ihasts  would  not  be  visible  till  it  came 
nearer. 

To  render  this,  if  possible,  still  clearer,  let  us  con- 
sider two  ships  meeting  at  sea,  the  top-mast  of  each 
are  the  parts  first  discovered  by  both,  the  hull,  &c. 
being  concealed  by  the  convexity  of  the  globe  which 
rises  between  them.    The  ships  may,  in  this  instance. 
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be  resembled  to  two  men,  who  approach  each  other 
on  the  opposite  sides  of  a  hill ;  their  heads  will  he 
first  seen,  and  gradually,  as  they  approach,  the  body 
will  become  entirely  in  view.  From  hence  is  de^ 
rived  a  rational  method  of  estimating  the  distance  of 
a  ship,  which  is  in  use  among  sea-faring  people, 
namely,  of  observing  hoiv  loiv  they  can  bring  her 
down ;  that  is  to  say,  the  man  at  the  mast-head  fixe^ 
his  eyes  on  the  vessel  in  sight,  and  slowly  descend^ 
by  the  shrouds,  till  she  becomes  no  longer  visible. 
The  less  the  distance,  the  lower  he  may  descend  be-, 
fore  she  disappeai's.  If  observations  of  this  kind  be 
made  with  a  telescope,  the  effect  is  still  more  re^ 
markable ;  as  the  distance  increases  or  diminishes, 
the  ship  in  sight  will  appear  more  and  more  im- 
mersed, or  to  rise  gradually  out  of  the  water. 

This  truth  is  fully  evinced  by  the  following  con- 
sideration ;  that  ships  have  sailed  round  the  earth, 
have  gone  out  from  the  westward,  and  have  come 
home  from  the  eastward ;  or,  in  other  words,  the 
ships  have  kept  the  same  course,  and  yet  returned 
from  the  opposite  side  into  the  harbour  w^hence  they 
first  sailed,;  Now  we  are  certain  that  this  could  riot 
be  the  case,  if  the  earth  were  a  plane ;  for  then  si 
person,  who  should  set  out  for  anyone  point,  and  go 
on  straight  forward  without  stopping,  would  be  con- 
tinually going  further  from  the  point  from  which  he? 
set  out.  This  argument  may  be  much  elucidated ,- 
by  referring  the  pupil  to  a  modern  terrestrial  globe, 
on  which  he  may  follow  the  tracks  of  an  Anson  and 
a  Coo  A*  round  the  world. 

Plate  2,  Ji^>  1  and  2,  are  illustrations  of  the  fore- 
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going  principles.  Fi^.l,  shews  that,  if  the  earth 
was  a  plane,  the  whole  of  a  ship  would  be  seen  at 
once,  however  distant  from  the  spectator,  and  that 
whether  he  was  placed  at  the  top  or  bottom  of  a  hill. 
Trom  Jig.  2,  it  appears  that  the  rotimdity  of  the 
earth,  represented  by  the  circle  ABC,  conceals  the 
lower  part  of  the  ship  rf,  while  the  top-mast  is  still 
visible ;  and  that  it  is  not  till  the  ship  comes  to  e, 
that  the  whole  of  it  is  visible. 

The  following  remarks  evince  the  same  truth. 
Observe  any  star  nearer  the  northern  part  of  the  ho- 
rizon, and  if  you  travel  to  the  south,  it  will  seem  to 
dip  farther  and  farther  downwards,  till,  by  proceed- 
ing, it  will  descend  entirely  out  of  sight.  In  the 
meantime,  the  stars  to  the  southward  of  our  travel- 
ler will  seem  to  rise  higher  and  higher.  The  con- 
trary appearances  would  happen,  if  he  went  to  the 
northward.  lliis  proves  that  the  earth  is  not  a 
plane  surface,  but  a  curve  in  the  direction  south 
and  north.  By  an  observation  nearly  similar  to  this, 
the  traveller  may  prove  the  curvature  of  the  earth, 
in  an  east  and  west  direction. 

The  globular  figure  of  the  earth  may  be  also  in- 
ferred from  the  operation  of  levelling,  or  the  art  of 
conveying  water  from  one  place  to  another ;  for,  in 
this  process,  it  is  found  necessarj^  to  make  an  allow- 
ance between  the  true  and  apparent  level ;  or,  in  other 
Words,  for  the  figure  of  the  earth.  For  the  true 
level  is  not  a  straight  line,  but  a  curve  which  MU 
below  the  straiorht  line  about  eight  inches  in  a  mile, 
four  times  eight  in  two  miles,  nine  times  eight  in 
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three  miles,  sixteen  times  eight  in  four  miles,  always 
mcreasing  as  the  square  of  the  (hstance. 

What  the  earth  loses  of  its  sphericity  by  moun- 
tains and  valHes,  is  very  inconsiderable  ;  the  highest 
eminence  bearing  so  little  proportion  to  its  bulk,  as 
to  be  scarcely  equivalent  to  the  minutest  protube- 
rance on  the  surface  of  a  lemon. 

It  is  proper,  liowever,  to  acquaint  the  young  pu- 
pil, that  though  we  call  our  earth  a  globe,  and  that, 
when  speaking  in  general  terms,  it  may  be  consi- 
dered as  such  ;  yet,  in  the  strictness  of  truth,  it  must 
be  obsevred,  that  it  is  not  exactly  and  perfectly  a 
sphere,  but  a  spheroid,  Jlaffened  a  little  towards  tJce 
p)les,and  stcelllng  at  the  equator ;  the  equatorial  di- 
ameter being  about  thirty-four  miles  longer  than  the 
diameter  froni  pole  to  pole.  This  diiference  bears, 
therefore,  too  small  a  proportion  to  the  diameter  to 
be  represented  on  globes.  M.  Cassini^  from  Plcard's 
measui^  of  a  degree,  asserted,  that  the  earth  was 
an  oblong  or  prolate  spheroid,  flattened  at  the  equa- 
tor, arid  protuberant  at  the  poles  ;  while  Newton  and 
Huygens^  from  a  consideration  of  the  known  laws 
and  the  diurnd  motion  of  the  earth,  concluded  that 
the  figure  of  the  earth  was  that  of  an  oblate  spheroid, 
flattened  at  the  poles,  protuberant  at  the  equator. 
To  decide  this  important  question,  Louis  XIV. 
ordered  two  degrees  of  the  nieridian  to  be  measured, 
one  under  the  equafor^  the  other  as  near  the  pole  as 
possible.  For  this  purpose,  the  Royal  Academy  of 
Sciences  sent  Messrs,  Maupertuis,  Clairaidt^  Camus^ 
and  Le  Monnier,  to  Lapland  :  they  set  out  from 
France  in  1/35,  and  returned  in  the  spring  of  the 
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year  17 ^Q,  having  satisfactorily  accomplished  the 
purpose  for  which  they  were  sent.  Messrs.  Godirij 
Condamine,  and  Bouguer,  were  sent  on  the  southern 
expedition :  to  these  the  King  of  Spain  joined  Don 
George  Juait,  and  Don  AntJtony  de  Uloa,  who  left 
Europe  in  the  year  1/35;  and  after,  encountering 
innumerable  hardships  and  difficulties,  returned  to 
Europe  at  different  times,  and  by  different  ways,  in 
1744,  1745,  1746.  The  result  of  this  arduous  task 
was  a  complete  confirmation  of  Newton  s  theoretical 
investigation.  The  difference  between  the  equato- 
rial and  polar  dimensions,  when  compared  with  the 
earth's  semi-diameter,  is  but  an  inconsidemble  quan- 
tity, amounting  in  the  whole  to  an  elevation  of  little 
more  than  l6^  of  3970  ;  that  is  to  less  than  a  240th 
part  of  the  distance  from  the  surface  of  the  earth  ta 
the  centre.  If  a  meridional  section  of  such  a  sphe- 
roid were  laid  down  upon  paper,  the  eye  would  not 
distinguish  it  from  a  perfect  circle. 

OF   THE    DIURNAL   MOTION    OF   THE    EARTH. 

Though  it  is  this  motion  which  gives  us  the  grate- 
ful vicissitudes  of  day  and  night,  adjusted  to  the 
times  of  labour  and  rest ;  yet  young  peoj)le  generally 
find  some  difficulty  in  conceiving  that  the  earth 
moves;  the  more  so  because,  in  oreler  to  allow  it, 
they  must  give  up,  in  a  great  measure,  the  evidence 
'of  their  exterior  senses,  of  which  the  impressions 
are  at  their  age  exceeding  strong  and  hvely.  It  will, 
therefore;,  be  necessary  for  the  tutor  to  prove  to  them 
tliat  they  can,  by  no  means,  infer  that  the  earth  is  at 
re^t  because  it  appears  so,  and  convince  them  by  a 
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variety  of  fads,  that  reason  was  given  to  correct  the 
fallacies  of  the  senses. 

To  this  end,  we  shall  here  point  out  some  instances 
where  apparent  motion  is  produced  in  a  body  at 
rest,  by  the  real  motion  of  the  spectator.  Let  us 
suppose  a  man  in  a  ship  to  be  carried  along  by  a 
brisk  gale,  in  a  direction  parallel  to  a  shore,  at  no 
great  distance  from  him  ;  while  he  keeps  his  eye  on 
the  deck,  the  mast,  the  sails,  or  any  thing  about 
the  ship,  that  is  to  say,  while  he  sees  nothing  but 
some  part  of  the  vessel  on  board  of  which  he  is,  and 
Consequently  every  part  of  which  moves  with  hi  fD, 
he  will  not  perceive  that  the  ship  moves  at  all.  Let 
him,  after  this,  look  to  the  shore,  and  he  will  see 
the  houses,  trees,  and  hills,  run  from  him  in  a  di- 
rection contrary  to  the  motion  of  the  vessel ; '  and 
supposing  him  to  have  received  no  previous  informa- 
tion on  the  subject,  he  might  naturally  conclude; 
that  the  apparent  motion  of  these  bodies  was  real. 

In  a  similar  situation  to  this,  we  may  conceive  the 
inhabitants  of  the  earth  ;  who,  in  early  times,  knew 
nothing  of  the  true  structure  or  laws  of  the  universe; 
saw  the  sun,  the  stars,  and  the  planets,  rise  and  set, 
and  perform  an  apparent  revolution  about  the  earth. 
They  had  no  idea  of  the  motion  of  the  earth,  and 
therefore  all  this  appearance  seemed  reality.  But  as 
it  is  highly  reasonable  to  suppose,  that  as  soon  as 
the  slightest  hint  should  be  given  to  the  man,  of  the 
motion  of  the  vessel,  he  would  begin  to  form  a  new 
opinion,  and  conceive  it  to  be  more  rational,  that 
so  small  a  thing  as  a  ship  should  move,  rather  than 
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all  that  part  of  the  earth  which  was  open  to  his  view; 
so,  ill  the  same  manner,  no  sooner  was  an  idea 
formed  of  the  vast  extent  and  greatness  of  the  uni- 
verse, with  respect  to  this  earth,  than  mankind  be- 
g7n  to  conceive  it  would  be  mwre  rational  that  the 
earth  should  move,  than  the  whole  fabric  of  the 
heavens. 

By  another  familiar  instance  it  will  be  easy  to 
shew  the  young  pupil,  that  as  the  eye  does  not  per- 
ceive its  own  motion,  it  always  judges  from  appear- 
ances. Let  a  person  go  into  a  common  windmill, 
and  desire  the  miller  to  turn  the  mill  round,  while 
he  i?  setting  within,  with  his  eyes  fixed  on  the  upright 
post  in  the  centre  thereof;  this  post,  though  at  rest, 
will  appear  to  him  to  turn  round  with  considerable 
velocity,  the  real  motion  of  the  mill  being  the  cause 
of  the  apparent  motion  of  the  swivel-post.  Sea- 
faring j)eople  are  furnished  with  various  instances  to 
illustrate  this  subject ;  those  who  are  busy  in  the 
-hold  of  a  ship  at  anchor,  cannot  by  any  perception 
determine  whether  the  ship  has  swung  round  or  not 
by  the  turn  of  the  tide.  When  a  ship  first  gets 
under-way  with  a  light  breeze,  xshe  may  be  going  at 
a  good  rate,  before  those  who  are  between  decks  can 
perceive  it.  Having  thus  obviated  the  objections 
which  arise  from  the  testimony  of  the  senses,  we 
may  now  proceed  to  consider  the  arguments  which 
tend  more  directly  to  prove  the  motion  of  th« 
earth. 

All  the  celestial  motions  will,  on  this  supposition^ 
he  incomparably  more  simple  and  moderate. 


OF  THE   EARTH,  67 

This  opinion  is  much  more  agreeable  to  our  no- 
tions of  final  causes^  and  our  knowledge  of  the  eco- 
nomy of  nature ;  for  if  the  earth  be  at  rest,  and  the 
•tars,  &c.  move  round  it  once  in  24  hours,  their  ve- 
locity must  be  immense  ;  and  it  is  certainly  more 
agreeable  to  reason,  that  one  single  body,  and  that 
one  of  the  smallest,  should  revolve  on  its  own  axis 
in  24  hours,  than  that  the  whole  universe  should  be 
carried  round  it  in  the  same  time,  with  inconceiv- 
able velocity. 

The  rotation  of  the  earth  round  its  axis  is  analo- 
gous to  what  is  observed  in  the  sun,  and  most  of  the 
planets  ;  it  being  highly  probable  that  the  earth, 
which  is  itself  one  of  the  planets,  should  have  the 
same  motion  as  they  have,  for  producing  the  same 
effect ;  and  it  would  be  as  absurd  in  us  to  contend 
for  the  motion  of  the  whole  heavens  round  us  in  24 
hours,  rather  than  allow  a  diurnal  motion  to  our 
globe,  as  it  would  be  for  the  inhabitants  of  Jupiter 
to  insist  that  our  globe  and  the  whole  heavens  must 
revolve  round  them  in  10  hours,  that  all  its  paits 
might  successively  enjoy  the  light,  rather  than  grant 
a  diurnal  motion  to  their  habitation. 

AH  the  phenomena  relative  to  this  subject,  are  as 
easily  solved  on  the  supposition  of  the  earth's  motion, 
as  on  the  contrary  hypothesis. 

Besides  the  foregoing  considerations,  there  are  se- 
veral ai^uments  to  be  deduced  from  the  higher  parts 
of  astronomy,  which  demomtrdhly  prove  the  diurnal 
motion  of  the  earth. 

Before  we  enterJKntp  a  furthep  explanation  6f  phe* 
E  2 
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laomeaa,  it  will  be  necessaiy  to  dfefiiie  some  of  thjB 
princijpAl  cir<des  of  the  giobe.  The  reader  will  com- 
^^tsheod  more  fuiJy  these  defiaaitions,  and  attain  more 
-aBOcorafte  ideas  (of  ti^ei^e  cijEcles,  by  placing,  while  h« 
is  rending  theroya  terrestrial  gi<5be  orarniillary  sphere 
before  kim.  It  may,  however,  fee  necessary  to  pre- 
iiMse,  that  we  are  at  liberty  to  suppose  as  many  cir- 
€\es  as  we  please  to  be  desciibed  on  the  earth  ;  and 
the  plane  of  any  lof  these  to  be  eontinned  from  the 
earth,  until  it  mai*ks  a  corresponding  circle  in  the 
concave  -sphere  of  the  hea^'ens. 

Among  these  circles,  the  iiorizon  is  the  most  fre- 
<juently  named.  Properly  speaking,  there  are  two 
circles  by  lilts  name,  but  distinguished  from  each 
other  by  added  epithets ;  the  one  being  called  the 
semihlej  the  other  the  raf tonal  horizon. 

In  general  terms,  the  horizon  may  be  defined  to 
be  an  imaginary  circle,  that  separates  the  visible 
from  the  invisible  part  of  the  heavens. 

If  a  spectator  supposes  the  floor  or  plane  on  which 
he  stands,  to  be  extended  every  way,  till  it  reach 
^Q  starry  heavens,  this  plane  is  his  sensible  horizon. 

The  rational  horizon  is  a  circle,  whose  ]ilane  is 
parallel  to  the  former,  but  passing  through  the  cen- 
tre of  the  eartlu 

The  rational  horizon  divides  the.  concave flpliere  of 
the  heavens  into  two  equal  parts,  or  hemispheres  ; 
the  objects  that  are  in  the  up{3er  hemisphere  will  he 
visible;  such  as  are  in  the  lower  hemisphere  will  be 
invisible  to  the  spectator. 
.;  .^IIiDugh'  the  globe  of  the  earth  appears  so^  large 
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to  those  who  inhabit  it^  yet  it  is  so  minute  a  ^lecl: 
when  compared  to  the  immense  sphere  of  the  hea- 
vens, that  at  that  distance  the  planets  of  the  rational 
^nd  sensible  horizons  coincide ;  fyr,  in  other  words, 
the  distance  between  them  in  tiie  sphere  of  tli^ 
heavens  is  too  stiiAl  for  adnfieasiirement. 

To  ilkstrate  this,  let  ABCD^  phfe  3,  fig.  t} 
represent  the  earth ;  zhno  the  sphere  of  the  starty 
heaveti.  If  an  inhabitant  of  the  earth  stand  tipon 
the  point  A,  his  sensible  horizon  is  se^  his  rational 
one  ho  ;  the  distance  between  the  pknes  of  thes# 
two  horizons  is  AF,  the^  semi-diametei-  of  the  earthy 
which  is  meastire€>  in  a  great  circle  upon  the  sphe^ 
of  the  heaven,  by  ihe  angle  eFo,  m-  the  are  e&  j 
this  are,  ift  so  snnfatt  a  circle,  zhno,  would  »mo«nt 
to  several  degrees,  and  consequently  the  difierence 
between  the  sensible  amd  rational  ^iorizofe  wouM  be 
great  enough  to  be  measured  hy  observaliort.  If  n^ 
rq)i*egent  the  sphere  of  tfie  heaven  by  a  targer  circle, 
the  semi-diameter  of  the  earth  AF,  measured  in  thi^' 
circle,  will  amount  to  fewer  degrees ;  for  the  are 
EO  is  less  than  the  arc  eo ;  and  the  Hrger  the  sphere 
off  the  heave]*i  is>  in  proportion  ta  the  ghke  of  the*' 
earth,  the  less  sensible  is  the  difference  b^ween  ttie^ 
two  horizofig.  Now^as  the  sphere  of  the  earth  is 
but  as  a  point  when  compared  to  tlie  sttrrry  lieaYeoi^ 
the  diflference  between  the  sensible  aiid  rational  ho- 
rizon wall  be  insensible.  .  ,  ^  >i  a 

From  what  has  been  said,  it  appeaf&  tfiiat  the  only 
distinction  between  the  sensible  and  rational  horizon^ 
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arises  from  the  distance  of  the  object  we  are  look- 
ing at. 

The  sensible  horizon  is  an  imaginary  circle,  which 
terminates  our  view,  when  the  objects  we  are  looking 
nt  are  upon  the  earth's  surface. 

The  rational  horizon  is  an  imaginar^^  circle,  which 
terminates  our  view,  when  the  objects  we  are  look- 
ing at  are  as  remote  as  the  heavenly  bodies. 

As  the  rational  horizon  divides  the  apparent  celes- 
tial sphere  into  two  equal  hemispheres,  and  serves  as 
a  boundary,  from  which  to  measure  the  elevation  or 
depression  of  celestial  objects ;  those  in  the  upper, 
or  visible  hemisphere,  are  said  to  be  high,  or  ele- 
vated above  the  horizon ;  and  those  in  the  other 
hemisphere  are  called  low,  or  below  the  horizon. 

The  earth  being  a  spherical  body,  the  horizon,  or 
limits  of  our  vie^v^  must  chang-e  as  we  change  our 
place ;  and,  therefore,  every  place  upon  the  earth  has 
a  different  horizon.  Thus,  if  a  man  lives  at  a,  plate 
3,  ^g.  2,  his  horizon  is  GC  ;  if  he  lives  at  b,  his 
horizon  is  HD ;  if  at  c,  it  is  AE.  From  hence  we 
obtain  another  proof  of  the  sphericity  of  the  earth  ; 
for  if  it  were  flat,  all  the  inhabitants  thereof  would 
have  the  same  horizon. 

The  point  in  the  heavens,  which  is  directly  over 
the  head  of  a  spectator,  is  called  the  zenith. 

That  point  which  is  directly  under  his  feet,  is 
called  the  nadir. 

If  a  man  lives  at  a  plate  3,  ^g  2,  his  zenith  is 
A,  his  nadir  E ;  if  b*  lives  at  b,  his  zenith  is  B, 
bis  n^ir  F,     Consequently,  the  zenith  and  horizon 
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of  an  observer  remain  fixetl  in  the  heavens,  so  long 
as  he  continues  in  the  same  place ;  but  he  no  sooner 
chano-es  his  position,  than  the  horizon  touches  the 
earth  in  another  point,  and  his  zenith  unswei*s  to  a 
diiferent  point  in  the  heavens. 

The  arisof  the  earth  is  an  imaginary  line,  con- 
ceived to  be  drawn  through  the  centre  of  the  earth, 
upon  which  line  its  revolutions  are  made. 

The  pole^  of  the  earth  are  the  extremities  of  its 
axis,  or  those  Uvo  points  on  its  surface,  where  its 
axis  terminates  ;  one  of  these  is  called  the  north,  and 
the  other  the  south  pole.  The  poles  of  the  heavens, 
or  of  the  world,  are  those  two  points  in  the  heavens^ 
where  the  d.\h  of  the  earth,  if  produced,  would  ter- 
minate; so  that  the  north  pol^  of  the  heavens  is 
exactly  over  the  north  pole  of  the  earth,  and  the 
south  pole  of  the  heavens  is  directly  over  the  south 
pole  of  the  earth. 

The  equator  is  an  imaginary*  circle,  which  is  sup 
posed  to  be  drawn  round  the  earth's  surfaoe,  in  the 
middle  between  the  twp  poles.  It  divides  the  earth 
into  two  equal  parts;  one  of  which  is  called  the 
northern,  the  other  the  southern  hemisphere. 

If  we  suppose  the  plane  of  the  earth's  equator  to 
be  extended  all  ways  as  far  as  the  heavens,  it  will 
mark  there  a  circle,  that  will  divide  the  heavens  into 
two  equal  parts ;  this  circle  is  called  sometimes  the 
equhioctial,  sometimes  the  celestial  equator, 

1  he  meridian  of  any  place  is  a  circle  supposed  to 
pass  through  that  place  and  the  poles  of  the  earth ; 
we  may  therefore  imagine  as  many  meridians  as  there 
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are  pl^es  upon  the  earth,  because  any  place  that  is. 
ever  so  httle  to  the  east  or  west  of  another  place, 
has  a  different  meridian. 

By  the  foregoing  definition,  we  see  that  the  me- 
ridian of  any  place  is  immoveably  fixed  to  that  place, 
and  carried  round  along  with  it  by  the  rotation  of 
the  earth.  The  meridian  marks  upon  the  plane  of 
the  horizon  the  north  and  south  points. 

The  circle  which  the  sun  appears  to  describe  every 
year,  in  the  concave  sphere  of  the  heavens,  is  called 
the  ecliptic.  It  is  thus  denominated,  because,  in  all 
eclipses,  the  moon  is  either  in  or  near  the  plane  of 
it.  But  as  tlie  earth  moves  round  the  sun,  in  the 
plane  of  the  ecliptic,  it  is  likewise  the  plane  of  th^ 
earth's  orbit. 

If  we  conceive  a  ^one,  or  belt,  about  sixteen  de- 
grees broad,  in  theticdncave^  sphere  of  the  heaven, 
with  the  ecliptic  passing  through  the  middle  of  it,, 
this  zone  is  called  the  zodiac.  The  stars  in  the  zo- 
diac were  divided  by  the  ancients  into  twelve  equal 
parts  or  signf,  to  ccfrrespond  with  the  months  of  the 
year;  and  because 'the^  number  twelte  with  themi 
was  always-  expressive  of  fulness  or  completion,  it 
\st  used  in.tjiat  sense  in  sacred  writ.  The  signs  are 
named^  Ariesy  Taiirus^  Gemini,  Cancer,  Leo,  Virgo, 
I^bra,  Scorpio,  Sagittarius,   Capricornus,  Aquarius, 

We  may  imagine  as  many  circles  as  we  please 
^.rawn  on  a  globe,  parallel  to  the  equator,  and  these 
will;  decrease  iia.^bjeir  diameter  as,  they  approach 
Xi^ver  the  pole»»     1  he  tropica  are  twa  lesser  cir* 
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cles  of  this  kind,  parallel  to  the  equator,  and  23*  de- 
grees distant  from  it ;  one  in  the  northern  hemi- 
sphere^ which  is  called  the  tropic  of  Cancer ;  the 
other  in  the  southern,  which  is  called  the  ^ro/>^c  <)/ 
Capricorn.  If  we  conceive  the  planes  of  these  cir- 
cles expanded,  till  they  reach  the  stariy  heaven,  the 
&un  will  be  seen  to  move  in  that  circle  which  cor- 
responds to  the  tropic  of  Caticer  on  the  longest 
summer's  day  ;  and  in  that  circle  which  answers  to 
the  tropic  of  Capricorn  on  the  shortest  winter's 
day. 

The  polar  circles  are  two  lesser  circles,  conceived 
to  be  described  at  23  2-  degrees  distance  from  each 
pole.. 

The  axis  of  the  earth  is  inclined  to  the  plane  of 
the  ecliptic,  and  makes  with  it  an  angle  of  66^  de- 
grees ;  therefore,  the  plane  of  the  earth's  equator' 
cannot  coincide  with  the  plane  of  the  ecliptic  ;  but 
these  two  planes  make  with  one  another  an  angle  of 
2tH  degrees.  :    : 

^^^    QF  TPE   ANNUAL  ^j^OTION    OF   THE    EARTH, 

■  Th^  fdregbirig  d'eftnitions  being  understood,  we 
may  now  proceed  in  the  description  of  the  pheno- 
mena of  our  system.  It  is  owing  to  the  industry  of 
modern  astronomy,  that  the  annual  motion  of  the 
earth  has"  been  fully  evinced  ;  for,  though  this  mo- 
tion had  been  known  to,  and  adopted  by  maiiy* 
among  the  ancient  philosophers,  yet  they  were  not* 
able  to  give  their  opinions  that  degree  of  probability, 
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which  is  attainable  from  modern  discoveries  ;  much 
less  the  evidencs  arising  from  those  demonstrative 
proofs,  of  which  we  are  now  in  possession.  We 
shall,  therefore,  enumerate  some  of  the  reasons 
which  induce  astronomers  to  believ^e  that  the  earth 
moves  round  the  sun  ;  and  then  explain  farther  the 
hature  of  this  motion,  calculated  to  afford  us  the 
useful  and  delightful  variety  of  the  seasons,  the  mu- 
tual allay  of  immoderate  heat  and  cold,  as  also  for 
tlie  successive  growth  and  recruit  of  vegetation. 

The  celestial  motions  become  incomparably  more 
simple,  and  free  from  tliese  looped  contortions  which 
must  be  supjK)sed  in  the  other  case ;  and  which  are 
not  only  extremely  improbable,  but  incompatible 
with  what  we  know  of  motion^ 

This  opinion  is  also  more  reasonable,  on  account 
of  the  extreme  minuteness  of  the  earth,  when  com- 
pared with  the  immense  bulk  of  the  Sun,  Jupiter, 
and  Saturn ;  and  there  are  no  known  laws  of  motion, 
according  to  which  so  great  a  body  as  the  sun  can 
revolve  about  so  small  a  one  as  the  earth. 

The  suri  is  the  fountain  of  light  and  heat,  which 
it  darts  through  the  whole  system  ;  it  ought,  there- 
fore, to  be  in  the  centre,  that  its  influence  may  be 
regularly  diffused  through  the  whole  heavens,  and 
communicated  in  just  gradations  to  the  whole  system. 

When  we  consider  the  sun  as  the  centre  of  tliQ 
fystem,  we  find  all  the  bodies  moving  round  it,  agree- 
able to  the  universal  laws  of  gravity :  but  upon  any 
other  consideration  we  are  left  in  the  dark. 

The  motion  of  the  earth  round  the  sun  accord* 
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with  that  general  harmony  and  universal  law,  which 
all  the  other  moving  bodies  in  the  system  observe ; 
namely,  that  the  squares  of  the  periodic  times  are  as 
the  cttbes  of  the  distances ;  but  if  the  sun  moves 
round  the  earth,  that  law  is  destroyed,  and  the  gene- 
ral order  of  symmetry  in  nature  interrupted. 

It  is  incojitestibly  proved  by  observation,  amotion 
having  been  discovered  in  all  the  fixed  stars,  v.hich 
arises  from  a  combination  of  the  motion  of  light  with 
the  motion  of  the  earth  in  its  orbit. 

It  will  be  clearly  shewn  in  its  place,  that  Venus 
and  Mercury  move  round  the  sun  in  orbits  that  are 
between  it  and  the  earth  ;  that  the  orbit  of  the  earth 
is  situated  between  that  of  Venus  and  Mars ;  and 
that  the  orbits  of  Mars,  Jupiter,  &c.  ar(i  exterior  to, 
and  include  the  other  three. 


OF   THE    APPARENT     MOTION    OF    THE     SUN^     ARISINS 
FROM    THE   EARTHS    ANNUAL    MOTION    ROUND    IT- 

As  when  a  person  sails  along  the  sea- coast,  the 
shore,  the  villages^  and  other  remarkable  places  on 
land,  appear  to  change  their  situation,  and  to  pass  by 
him  ;  so  it  is  in  the  heavens.  To  a  s]^ectator  upon 
the  earth,  as  it  moves  along  its  orbit,  or  sails  a*  it 
were  through  celestial  space,  the  sun,  the  planets, 
and  the  fixed  stars,  appear  to  change  their  places. 

Apparent  change  of  place  is  of  two  sorts  ;  the  one 
is  that  of  bodies  at  rest,  the  change  of  whose  place 
depends  solely  on  that  spectator ;  the  other  is  that  of 
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todies  m  motion,  whose  apparent  change  of  place  Je^ 
Jends  as  well  on  their  own  motion,  as  on  that  of  the 
ipectato^. 

'We  shall  first  consider  only  that  apparent  change 
which  takes  place  in  those  which  are  Jit  rest,  and5 
which  is  owing  wholly  to  the  motion  of  the  earth  ;  and 
sihenv  tibat  the  sun,  when  seen  from  the  earth*  will 
*f)pear  to  move  in  the  same  manner,  whether  it  re- 
aves round  tlie  earthyi&r  whether  the  earth  revolves^ 
immd  the  sun^     Let  u»  su^ose  the  earth  it  rest,' 
t^'ithout  any  motion  of  its  own,  and  let  the  sun   be 
STipposed  to  revolve  round  it  in  the  orbit   ABCI>, 
iiate  ^,j^g'  1 ;  and  let  EFGK  be  a  cirde  in  the  om- 
«a#fe  spfieiie  of  the  ^tktify  heavens  j  a?  the  sun  ihtfve* 
irithe  oilier  oi^  the  letters  ABCB  in  its  orbit,'  it  will 
appear  to  a  spectator  on  the  earth  to  have  described 
the  circle  EFHG.     When  the  sun  is  at  A,  it  will 
appear  as  if  it  was  among  the  fixed  stars  that  are  at 
K ; -^lien  /tt^'fe  at'B,  it  wrll  api^ear  iCii^ng  the  fixetf 
star*  at  F ;  when  at  C,  among  those  at  H- ;  and  when 
it,  is  at  D,  it  will  appear  among  the  fixed  stars  at  G. 
indeed,' the  fixed  stars  and  the  sun  are  not  seen  ?it 
tfte  satiii^'  tlitife ;  "but  WfeSrJ  sH^tc'^  th4t  We  may 
tell  in  Vhat  part  of  the  hfeaVen»  thW  sui-j  is,  or  wtiat 
fixed  stars  it  is  near,  by  kno<ving  tHose  wliich  are 
opposite  to  it,  or  come  to   the  south  at  midriigKtl' 
'llSerefore,  if  we  find  that  any  set  of  stars,  as  those 
it  G,'  for  instance,  come  to  the  sciuth'  at  midnight;' 
We  may  be  safe  that  they  are  6ppolit^  to  tlie  «ih ;. 
anil,  coMsequentTy,  if  we  could  sebtlie  stars  i^  that 
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part  of  the  heaven  where  the  sun  is,  we  should  Bxjd 
tliem  to  be  those  at  F, 

Secondly-,  let  us  suppose  that  S  is  the  sun,  having 
no  motion  of  its  own ;  that  it  rests  within  the  orbit 
ABCD,  in  which  we  shall  now  suppose  tlie  eiirth  to 
move,  in  the  order  of  the  letters  ABCD.  Upon  this 
supposition,  when  the  earth  is  at  A,,  the  sun  will  ap- 
pear in  that  part  of  the  heavens  where  the  stars,  H,  , 
are ;  when  the  earth  is  at  B,  the  sun  will  appear  m 
that  part  of  the  heavens  where  the  stars,  O,  are ;  when 
the  earth  is  at  C,  the  sun  will  appear  in  that  part  of 
the  heavens  where  the  stars,  E,  are  ;  and  as  the  eartii 
revolves  round  the  sun  in  the  orbit  ABCD,  the  «ua 
will  appear  to  a  spectator  on  tlie  earth  to  describe  the 
circle  GHEF, 

Thus,  whether  the  earth  be  at  rest,  and  the  serti 
revolves  in  the  orbit  ABCD  ;  or  the  sun  be  at  re^t, 
and  the  earth  revolves, in  the  same  orbit,  a  spectator 
on  the  earth  will  see  the  sun  describe  the  ^ine  cir- 
cle EFGtl,  in  the  concave  sphere  of  the  heavens. 

Hence,  if  the  plane  of  the  earth's  orbit  be  imagin- 
ed to  be  extended  to  the  heavens,  it  would  cut  the 
starry  firmament  in  that  very  circle,  in  which  a  spec- 
tator in  tlie  sun  would  see  the  earth  revolve  every 
year ;  while  an  inhabitant  of  the  earth  would  observe 
the  sun  to  go  through  the  same  circle,  and  in  the  same 
«pace  of  time,  that  tlie  solar  spectator  would  see  the 
earth  describe  it. 

The  inhabitants  of  all  the  other  planets  will  ob- 
serve just  such  motions  in  the  sun  as  we  do,  and  for 
the  verv  same  reasons  ;    and  the  sun  will  be  seen 
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from  eypry  planet  to  describe  the  siime  circle,  and  in 
the  same  space  of  time,  that  a  spectator  in  the  sun 
would  observe  the  planet  to  do.  For  example,  an 
inhabitant  of  Jupiter  would  think  that  the  bun  re- 
volved round  him,  describing  a  circle  in  tue  lieavens 
in  the  space  of  twelve  years:  this  circle  v\oald  not 
be  the  same  with  our  ecliptic,  nor  would  the  sun  ap*. 
pear  to  pass  through  the  same  stars  which  he  does  to 
us.  On  the  same  account,  the  sun,  seen  from  Saturn, 
will  appear  to  move  in  another  circle,  distinct  from 
either  of  the  former;  and  will  not  seem  to  finish  his 
period  in  less  time  than  thirty  years.  Now,  as  it  3 s 
impossible  that  the  sun  can  have  all  these  motions 
really  in  itself,  we  may  safely  affirm,  that  none  of 
them  are  real,  but  that  they  are  all  apparent,  and 
arise  from  the  motions  of  the  respective  planets. 

One  plienomenon  arising  from  the  annual  motion 
of  the  earth,  which  has  already  been  slightly  touched 
upon,  may  now  be  more  fully  explained  ;  for  as 
from  this  motion  the  sun  appears  to  move  from  west 
to  east  in  the  heavens,  if  a  star  rises  or  sets  along^ 
with  the  sun  at  any  time,  it  w  ill,  in  tlie  course  of  a 
few  days,  rise  or  set  before  it ;  because  the  sun's  ap- 
parent place  in  the  heavens  will  be  removed  to  the 
eastward  of  that  star.  Hence,  those  stars,  which  at 
one  time  of  the  year  set  with  the  sun,  and  therefore 
do  not  appear  at  all,  shall,  at  another  time  of  the 
year,  rise  when  the  sun  sets,  and  shine  all  the  night. 
And  as  any,  one  star  shifts  its  place  with  respect  to 
the  sun,  and  in  consequence  of  tliat  with  respect  to 
the  hour  of  the  night,  so  do  all  the  rest.     Hence  it  is 
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that  all  those  stars,  which,  at  one  time  of  the  year, 
appear  on  any  one  side  of  the  pole  star  in  the  even- 
ing, shall  in  half-a-year  appear  on  the  contrary  side 
thereof. 


^F   PHENOMENA    OCCASIONED    BY   THE   ANNUAL   AND 
DIURNAL    MOTIONS   OF  THE   EARTH. 

,  First,  of  those  that  arise  from  the  diurnal  motion. 
As  the  earth  is  of  a  spherical  figure,  that  part  of  it, 
which  comes  at  any  time  under  the  confined  view  of 
an  observer,  will  seem  to  be  extended  like  a  plane  ; 
and  the  heavens  will  appear  as  a  concave  spherical 
superficies,  divided  by  the  aforesaid  plane  into  two 
equal  parts*;  one  of  which  is  visible,  the  other  con- 
cealed from  us  by  the  opacity  of  the  earth. 

Now  the  earth,  by  its  revolution  round  its  axis, 
carries  the  spectator  and  the  aforesaid  plane  from 
west  to  east ;  therefore,  all  those  bodies  to  the  east, 
which  could  not  be  seen  because  they  were  below  the 
plane  of  the  horizon^,  will  become  visible,  or  rise 
above  it,  when,  by  the  rotation  of  the  earth,  the  ho- 
rizon sinks  as  it  were  below  them.  On  the  other 
hand,  the  opposite  part  of  the  plane  towards  the  west, 
rising  above  the  stars  on  that  side,  will  hide  them 
from  the  spectator,  and  they  will  appear  to  set,  or  go 
below  the  horizon. 

As  the  earth,  together  with  the  horizon  of  the. 
spectator,  continues  moving  to  the  east^  and  about 

*  See  pa^e  M  of  these  Kssavs. 
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tlie  same  jixis,  all  such  bodies  as  ai*e  separated  from 
the  earth,  and  which  do  not  partake  of  that  motion, 
will  seem  to  move  uniformly  in  the  same  time,  but 
in  an  opposite  direction  ;  that  is,  from  east  to  west ; 
excepting  the  celestial  poles,  which  will  appear  to  be 
at  rest.  Therefore,  when  we  say  that  the  whole  con- 
cave sphere  of  the  heavens  appears  to  turn  round 
upon  the  axis  of  the  world,  whilst  the  earth  is  per- 
forming one  rotation  upon  its  own  axis,  we  must  be 
understood  to  except  the  two  poles  of  the  world  ;  for 
these  do  not  partake  of  this  apparent  motion. 

It  is,  therefore,  on  account  of  the  revolution  of  the 
earth  round  its  axis,  that  the  spectator  imagines  the 
whole  starry  firmament,  and  every  point  of  the  hea- 
ven, excepting  the  two  celestial  poles,  to  revolve  about 
the  earth  from  east  to  west  every  twenty-four  hours; 
each  point  describing  a  greater  or  lesser  circle,  as 
it  is  more  or  less  remote  from  one  of  the  celestial 
poles. 

The  earth  is  made  to  revolve  on  its  axis,  in  order 
to  give  alternate  night  and  day  to  every  part  of  its 
surface. 

Although  every  place  on  the  surface  is  illuminated 
by  all  the  stars  which  are  above  the  horizon  of  that- 
place,  yet,  when  the  sun  is  above  the  horizon,  his 
light  is  so  strong,  that  it  quite  extinguishes  the 
faint  light  of  the  stars,  and  produces  day.  When 
the  sun  goes  below  the  horizon,  or,  more  properly, 
when  our  horizon  gets  above  the  sun,  the  stars  give 
their  light,  and  we  are  in  that  state  which  is  called 
night. 
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Now,  as  the  earth  is  an  opake  spherical  body,  at 
a  great  distance  from  the  sun,  one-half  of  it  will  al- 
ways be  illuminated  thereby,  while  the  other  half 
will  remain  in  darkness. 

'J  he  circle  which  distinguishes  or  divides  the  il- 
luminated face  of  the  earth  from  the  dark  side,  and  is 
the  boundary  between  light  and  darkness,  is  generally 
called  the  terminator,  A  line  drawn  from  the  cen- 
tre 6f  the  sun  to  tlie  centre  of  the  earthy  is  perjoendi- 
cular  to  the  plane  of  this  circle. 

It  is  plain  that,  when  any  given  place  on  the  globe 
first  gets  into  the  enlightened  hemisphere,  the  sun 
is  just  risen  to  that  part;  when  it  gets  half-way,  or 
to  its  greatest  distance  from  the  terminator,  it  is  then 
noon ;  and  when  it  leaves  the  enlightened  hemi- 
sphere, it  is  then  sunset. 

Here  it  will  be  necessary  to  premise  a  few  consi- 
derations :  First,  that  on  account  of  the  immense 
distance  of  the  sun  from  the  earth,  the  rays  which 
proceed  from  it  may  be  considered  as  parallel  to  each 
other.  Secondly,  that  only  one-half  of  a  globe  can 
be  illuminated  by  parallel  rays ;  and,  therefore,  only 
one-half  of  the  earth  will  be  enlightened  by  the  sun 
at  one  time. 

These  considerations  will  be  rendered  more  forci- 
ble, by  an  attentive  survey  offg.  1,  plate  5  ;  in  which 
S  represents  the  sun,  from  w  hom  we  suppose  parallel 
rays  to  flow  in  all  directions.  At  A,  B,  C,  are  re- 
presented three  diiTerent  positions  of  the  globe  of  the 
earth,  the  bright  part  being  that  which  is  illuminated 
by  the  rays  proceeding  from  the  sun  ;    the  shaded 

r 


8.3  or   THE    PIURKAL    MOTION,    &C. 

part,  the  portion  of  the  globe  which  is  in  darkness  ;• 
of  course,  the  line  TT  is  the  terminator,  or  boundar}' 
of  Hght  and  darkness. 

In  the  globe  at  C,  the  poles  coincide  with  the  ter- 
minator. 

In  the  globe  at  A,  the  north  pole  N  is  in  the  en- 
lightened portion,  and  the  south  pole  in  the  dark 
hemisphere ;  while,  in  the  opposite  globe,  at  B,  the 
southern  pole  S  is  in  the  illuminated  part,  and  the 
north  pole  in  obscurity. 

It  is  evident,  that  it  is  day  in  any  given  place  on 
the  globfe,  so  long  as  that  place  continues  in  the  en- 
lightened hemisphere  ;  but  when,  by  the  diurnal 
rotation  of  the  earth  on  its  axis,  it  is  carried  into  the 
dark  hemisphere,  it  becomes  night  to  that  place. 

Ihe  length  of  the  day  and  the  night  depend,  there^ 
fore,  on  the  position  of  the  terminator,  with  respect 
to  the  axis  of  the  earth. 

If  the  poles  of  the  earth  be  situated  in  the  termi- 
nator, as  at  C,  every  parallel  will  be  divided  into  two 
equal  j)arts ;  and  as  the  uniform  motion  of  the  earth 
causes  any  given  place  to  describe  equal  parts  of  its 
parallel  in  equal  times,  the  day  and  the  night  would 
be  equal  on  every  parallel  of  latitude ;  that  is,  all 
over  the  globe,  except  at  the  poles,  where  the  sun 
would  neither  rise  nor  set,  but  continue  in  the  ho- 
rizon. 

But  if,  as  at  A  and  B,  the  axis  be  not  in  the  plane 
of  the  terminator,  the  terminator  will  divide  the 
equator  into  two  equal  parts,  but  all  the  circles  paral- 
lel to  it  into  une(|ual  parts ;  those  circles  that  ar^ 
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situated  toward  the  enlightened  pole,  will  have  a 
greater  part  of  their  circumference  in  the  enlight- 
ened than  in  the  dark  hemisphere  ;  while  similar 
parallels  towards  the  other  pole,  will  have  the  great- 
er part  of  their  circumference  in  the  dark  hemi* 
sphere.  Whence  it  follows,  that  the  first-mentioned 
parallels  will  enjoy  longer  days  than  nights  :  and  tliq 
contrary  will  happen  to  the  latter,  where  the  days 
will  be  the  shortest,  and  the  nights  the  longest ; 
while,  at  the  equator,  the  days  w  ill  always  be  of  the 
same  length. 

Having  shewn,  that  the  vicissitudes  in  the  length 
of  the  days  and  nights  are  occasioned  by  the  position 
of  the  terminator  with  respect  to  the  axis  of  the  earth, 
I  have  now  only  to  explain  what  occasions  those 
various  positions  ;  which  is  the  more  important, 
as  on  these  depend  the  diversity  in  the  seasons 
of  the  year. 


OF  THE  SEASONS  OF  TH£  YEAR. 

In  considering  this  subject,  j^ou  will  find  further 
proofs  of  that  divine  wisdom  which  pervades  all 
the  works  of  God  ;  and  see  that  no  other  conforma  - 
tion  of  the  system  could  have  given  such  commo- 
dious distributions  of  light  and  heat,  or  imparted 
fertility  and  pleasure,  to  so  great  a  part  of  the  revolv- 
ing globe. 

The  changes  in  the  position  of  the  terminator  are 
occasioned—  1.  By  the  inclination  of  the  earth's  axis 
to  the  pli^tfe  of  the  ecliptic,  or  orbit  in  which   it 
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moves.  —  2.  Because,  through  the  whole  of  its  annual 
course,  the  axis  of  the  earth  preserves  its  position, 
or  continues  parallel  to  itself ;  that  is,  if  a  line  he 
conceived  as  drawn  ])arallel  to  the  axis,  while  the 
earth  is  in  any  one  point  of  its  orbit,  the  axis  will, 
in  every  other  position  of  the  earth,  be  parallel  to  the 
said  line. 

It  must  be  evident  to  you,  that  the  parallelism  of 
the  axis  must  occasion  considerable  differences.  By 
a  bare  ins})ection  of  the  globes.  A,  B,  plate  5,  Jig.  1, 
you  will  see  that,  when  the  earth  is  in  one  position 
of  its  orbit,  the  north  pole  will  be  turned  towards  the 
sun ;  but,  in  the  opposite  part,  will  be  turned  from 
him.  But  the  absence  of  the  sun  s  light  produces  a 
proportionable  degree  of  cold  ;  hence  the  seasons  are, 
in  the  northern  and  southern  parts  of  the  globe,  dis- 
tinctly marked  by  different  degrees  of  heat  and 
cold.  It  is  this  annual  turning  of  the  poles  towards 
the  sun,  that  occasions  the  veiy  long  days  in  the 
northern  and  southern  parts.  It  is  owing  to  the 
same  cause,  that  the  sun  seems  to  rise  higher  in  the 
heavens  during  summer  than  in  winter ;  and  this  al- 
ternate sinking  and  rising  is  perceptibly  over  the 
whole  globe. 

If  the  axis  of  the  earth  were  perpendicular  to  the 
plane  of  its  orbit,  the  equator  and  the  orbit  (or  eclip- 
tic), would  coincide  ;  and  as  the  sun  is  always  in  the 
])lane  of  the  ecliptic,  it  would,  in  this  case,  be  al- 
ways over  the  equator,  as  at  C,  Jig.  1,  and  the  two 
poles  would  be  in  the  terminator ;  and  there  would 
be  no  diversity  in  the  days  and  nights,  and  but  on^ 
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season  of  the  year ;  but^  as  this  is  not  the  case,  we 
may  fairly  infer,  that  the  axis  of  the  earth  is  not  per- 
pendicular to  the  plane  of  its  orbit. 

But  if  the  earth's  axis  be  inclined  to  the  plane  of 
the  ecliptic,  when  the  earth  is  in  the  situation  re- 
presented at  A,  'plate  5,  Jig,  1,  the  pole  N  will  be 
towards  the  sun,  and  the  pole  S  will  be  turned  from 
it ;  but  just  the  contrary  will  happen,  when  the 
earth,  by  going  half  round  the  sun,  has  arrived  at  B, 
the  opposite  point  in  its  orbit.  Hence  the  sun  will 
not  always  be  in  the  equator,  but  at  one  time  of  the 
year  it  will  appear  nearer  to  one  of  the  poles,  and  at 
the  opposite  season  it  will  appear  nearer  to  the  other. 
Here,  then,  you  find  a  cause  for  the  change  of  the 
seasons  ;  for,  when  the  sun  leaves  the  equator  and 
approaches  to  one  of  the  poles,  it  will  be  summer  on 
that  side  of  the  equator ;  and  when  the  sun  departs 
from  thence,  and  approaches  to  the  other  pole,  it  will 
be  winter. 

These  ideas  may  be  strengthened,  and  a  clearer 
notion  obtained  of  the  effect  produced  by  the  incli- 
nation of  the  earth's  axis,  by  considering^^.  2,  plate' 
5,  in  which  the  ellipsis  is  supposed  to  represent  the 
earth's  orbit,  the  eye  somewhat  elevated  above  the 
plane  thereof.  The  earth  is  here  represented  in  the 
first  point  of  each  of  the  twelve  signs  of  the  ecliptic, 
as  marked  in  the  figure,  with  the  twelve  correspond- 
ing months  annexed  ;  P,  the  north  pole  of  the  globe ; 
Pm,  its  axis,  round  which  the  earth  performs  its  di- 
urnal revolution  from  west  to  east ;  this  axis  is  ex^ 
hibited  as  parallel  to  itself  in  every  part  of  th^  orbit  ;• 
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PCE  shews  tlie  angle  of  its  inclination  ;  e,  the  pole  ; 
edy  the  axis  of  the  ecHptic,  perpendicular  to  the  plane 
of  the  orbit. 

In  March,  when  the  earth  is  in  the  first  point  of 
Libra,  the  sun  appears  in  the  opposite  point  of  tlie 
ecliptic  at  Aries.  In  September,  when  the  earth  is 
in  the  first  point  of  Aries,  the  sun  will  be  in  Libra. 
At  these  times,  the  terminator  passes  through  the 
poles  of  the  world,  and  divides  every  parallel  into 
two  equal  parts  (set  C,  Jig.  1);  consequently,  the 
nocturnal  and  diurnal  arcs,  or  the  length  of  day  and 
night,  will  be  equal  in  all  places  over  the  w^orld. 

Conceive  the  earth  to  have  moved  from  Libra  to 
Capricorn  in  June,  the  axis,  IV,  preserving  its 
parallelism  by  this  motion,  the  north  pole  w  ill  have 
gradually  advanced  into  the  enlightened  hemisphere; 
so  that  the  whole  northern  jx)lar  circle  will  be  therein, 
while  the  southern  pole  is  immerged  in  obscurity  ; 
the  northern  parts  of  the  world  will  enjoy  long  days, 
while  they  are  short  in  the  southern  parts.  While 
the  earth  is  moving  from  Libra  through  Capricorn 
to  Aries,  the  north  pole  remains  in  the  illuminated 
hemisphere,  and  will  therefore  have  six  months  eon- 
linual  day. 

But  in  the  other  half-year,  while  the  earth  is  mov- 
ing from  Aries  through  Cancer  to  Libra,  tlie  north 
pole  is  turned  from  the  sun,  and  therefore  in  dark- 
ness ;  but  the  south  pole  is  in  the  illuminated  hemi- 
sphere. When  the  earth  is  at  Cancer,  the  sun  is 
at  Capricotn  ;  at  this  season  the  nights  to  us  will 
ai»  much  exceed  the  days,  as  the  days  exceeded  the 
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nights,  when  the  earth  was  in  the  opposite  ""point  of 
her  orbit. 

From  the  foregoing  explanation,  it  is  easy  to  per- 
ceive that  the  inhabitants  of  the  southern  hemisphere 
have  the  same  vicissitudes  with  those  of  the  northern, 
though  not  at  the  same  time ;  it  being  winter  in  one 
hemisphere,  when  it  is  summer  in  the  other. 

From  what  has  been  said  you  must  have  perceived 
that,  during  the  course  of  the  earth  through  her  or* 
bit,  there  are  four  days  particularly  to  be  remarked; 
these  astronomers  have  distinguished  by  the  names 
of  the  solstitial  and  equinoctial  days.  The  solstitial 
days  are  those  on  which  the  sun  appears  most  to  the 
northward  and  southward ;  the  equinoctial  days  are 
those  on  which  he  appears  in  the  equator,  and  the 
days  are  equal  to  the  nights. 

The  annual  motion  of  the  earth  occasions  a  daily 
apparent  change  in  the  declination  of  the  sun. 
Thus,  about  the  12 2nd  of  December,  when  the  earth 
is  in  Cancer,  the  sun  will  be  over  the  tropic  of  Ca- 
pricorn ;  and,  consequently,  by  the  earth's  rotatior^ 
on  its  axis,  the  inhabitants  of  every  part  of  this  cir- 
cle will  successively  have  the  sun  in  their  zenith  ;  or, 
in  other  words,  he  will  be  vertical  to  them  that  day 
iit  noon. 

About  the  2l8t  of  March,  the  earth  is  at  Libra, 
and  the  sun  will  then  appear  in  Aries ;  a  central 
solar  ray  will  terminate  upon  the  surface  of  thtf 
earth  in  the  equator;  and,  therefore,  the  sun  ap* 
pears  to   be  carried   round  the    cele^ial   equator, 
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and  IS  successively  vertical  to  those  who  live  under 
that  circle. 

^,  About  the  2 let  of  June,  when  the  earth  is  in  Ca- 
pricorn, a  central  solar  ray  terminates  on  the  surface 
of  the  earth,  in  the  northern  tropic  ;  and,  for  that 
day,  the  sun  appears  to  be  carried  round  in  the  tropic 
of  Cancer,  and  is  vertical  to  those  who  live  under 
that  circle.  About  the  22nd  of  September,  the 
earth  is  in  Aries,  and  the  sun  in  Libra,  and  the  cen- 
tral solar  ray  again  terminates  at  the  equator  ;  con- 
sequently, the  sun  again  appears  in  the  celestial  equa- 
tor, and  is  vertical  to  those  tliat  live  under  it. 

We  have  seen,  that  as  the  sun  moves  in  the  eclip- 
tic, from  the  vernal  equinox  to  the  tropic  of  Cancer, 
it  gets  to  the  north  of  the  equator  ;  ©r  its  declination 
towards  our  pole  increases.  Therefore,  from  the 
vernal  equinox,  when  the  days  and  nights  are  equal, 
till  the  sun  comes  to  the  tropic  of  Cancer,  our  days 
lengthen  and  our  nights  shorten  ;  but  when  the  sun 
comes  to  the  tropic  of  Cancer,  it  is  then  in  its  ut- 
most northern  limit,  and  returns  in  the  ecliptic  to 
the  equator  again.  During  this  return  of  the  sun, 
its  declination  towards  our  pole  decreases;  and, con- 
sequently, the  days  decrease  and  the  nights  increase, 
till  the  sun  is  arrived  in  the  equator  again,  and  is  in 
the  autumnal  equinoctial  point,  when  the  days  and 
nights  will  again  be  equal.  As  the  sun  moves  from 
thence  tovrards  the  tropic  of  Capricorn,  it  gets  to 
the  south  of  the  equator  ;  or  its  declination  towards 
the  south  pole;  increases.  Therefore,  at  that  time 
of  the  year,  our  days  shorten  and  our  nights  lengthen, 
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till  the  sun  arrives  at  the  tropic  of  Capricorn  ;  but 
when  the  sun  is  arrived  there,  it  is  then  at  its  ut- 
most southern  Hmit,  and  returns  in  the  echptic  to 
the  equator  again.  During  this  return,  its  distance 
from  our  pole  lessens  ;  and,  consequently,  the  days 
will  lengthen  as  the  nights  shorten,  till  they  become 
equal,  when  the  sun  is  come  round  to  the  vernal 
equinoctial  point. 

Our  summer  is  nearly  eight  days  longer  than  tlie 
winter.  By  summer  is  meant  here  the  time  that 
passes  between  the  vernal  and  autumnal  equinoxes ; 
by  winter,  the  time  between  the  autumnal  and  ver- 
nal equinoxes.  The  ecliptic  is  divided  into  six  nor- 
thern and  six  southern  signs,  and  intersects  the  equa- 
tor at  the  first  of  Aries  and  the  first  of  Libra.  In 
our  siunmer,.  the  sun*s  apparent  motion  is  through 
the  six  northern,  and  in  winter  through  the  six 
southern  signs  ;  yet  the  sun  is  186  days,  11  hours, 
5 1  minutes,  in  passing  through  the  six  first ;  and 
only  1/8  days,  17  hours,  68  minutes,  in  passing 
through  the  six  last.  Their  diflference  7  days,  17 
hours,  53  minutes,  is  the  length  of  time  by  which 
our  summer  exceeds  the  winter. 

\n  plate  Q,  fig,  1,  ABCD  represents  the  earth's 
orbit ;  S  the  sun  in  one  of  its  foci ;  when  the  earth 
is  at  B,  the  sun  appears  at  H,  in  the  first  point  of 
Aries;  and  whilst  the  earth  moves  from  B  through  C 
to  D,  the  sun  appears  to  run  through  the  six  nor- 
thern signs,  from  y  through  25  to  lO:  at  F.  When 
the  earth  is  at  D,  the  sun  appears  at  F,  in  the  first 
point  of  Libra ;    and  as  the   earth   moves  from  D 
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through  A  to  B,  the  sun  appears  to  move  throu<ijh 
the  six  southern  signs,  from  £i:  through  VJ  to  Aries 
atH. 

Hence  the  line  FH,  drawn  from  the  first  jx)int 
of  Aries  through  the  sun  at  S,  to  the  first  point  of 
:iir,  divides  the  echptic  into  two  equal  parts  ;  but 
the  same  line  divides  the  earth's  elliptical  orbit  into 
two  unequal  parts.  The  greater  part  BCD  is  that 
which  the  earth  describes  in  the  summer,  while  the 
sun  appears  in  the  northern  signs.  The  lesser  part 
is  DAB,  which  the  earth  describes  in  winter,  while 
the  sun  appears  in  the  southern  signs.  C,  the  earth*s 
aphelion,  where  it  moves  slowest,  is  in  the  greater 
part ;  A,  its  perihelion,  is  in  the  lesser  part,  where 
the  sun  moves  fastest. 

There  are,  therefore,  two  reasons  why  our  sum^ 
mer  is  longer  than  our  winter  ;  first,  because  the  sun 
continues  in  the  northern  signs,  while  the  earth  is 
describing  the  greater  part  of  its  orbit;  and,  second- 
ly, because  the  sun's  apparent  motion  is  slower  while 
it  appears  in  the  northern  signs,  than  whilst  it  ap- 
pears in  the  southern  ones. 

The  sun  s  apparent  diameter  is  greater  in  our  win- 
ter than  in  summer;  because  the  earth  is  nearer  to 
the  sun  when  at  A  in  the  winter,  than  it  is  when  at 
C  in  the  summer.  The  sun's  apparent  diameter  in 
winter,  is  32  minutes,  4^  seconds;  in  summer,  51 
minutes,  40  seconds. 

But  if  the  earth  is  farther  from  the  sun  in  summer 
than  in  winter,  it  may  be  asked,  why  our  winters 
are  so  much  colder  than  our  summers  ?     To  this  it 
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may  be  answered,  that  our  summer  is  hotter  than 
the  winter  ;  first,  on  account  of  the  greater  height 
to  which  the  sun  rises  above  our  horizon  in  the  sum- 
mer ;  secondly,  the  greater  length  of  the  days.  The 
tun  is  much  higher  at  noon  in  summer  than  in  win- 
ter ;  and,  consequently,  as  its  rays  in  summer  are 
less  oblique  than  in  winter,  more  of  them  will  fall 
upon  the  surface  of  the  earth.  In  the  summer,  the 
days  are  very  long,  and  the  nights  very  short ;  there- 
fore, the  earth  and  air  are  heated  by  the  sun  in  the 
day-time,  more  than  they  are  cooled  in  the  night ; 
and  upon  this  account,  the  heat  will  keep  increasing 
in  the  summer;  and  for  the  same  reason  will  decrease 
in  winter,  when  the  nights  lengthen. 

I  should  exceed  the  limits  of  this  Essay,  if  I 
were  to  inquire  into  the  several  concurring  causes  of 
the  temperatures  that  obtain  in  various  climates ;  it 
may  be  sufficient,  therefore,  to  obsei*ve  what  a  re- 
markable provision  is  m^de  in  the  world,  and  the 
several  parts  of  it,  to  keep  up  a  perpetual  change  in 
the  degrees  of  heat  and  cold.  These  two  are  an- 
tagonists ;  or,  as  Lord  Bacon  calls  them,  ^'^  the  very 
hands  of  Nature  with  which  she  chiefly  worketh  ;'' 
the  one  expanding,  the  other  contracting  bodies,  so 
as  to  maintain  an  oscillatory  motion  in  all  their 
parts ;  and  so  serviceable  are  these  changes  in  the 
natural  world,  that  they  are  promoted  every  year, 
every  hour,  every  moment.  From  the  oblique  posi- 
tion of  the  ecliptic,  the  earth  continually  presents  a 
different  face  to  the  sun,  and  never  receives  his  rays 
two  days  together  in  the  same  direction.     In  the 
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day  and  night,  the  differences  are  so  obvious,  that 
they  need  not  be  mentioned ;  tliough  they  are  most 
remarkable  in  those  chmates,  where  the  sun  at  hi» 
setting  makes  the  greatest  angle  with  the  horizon. 
Every  hour  of  the  day  the  heat  varies  with  the  sun's 
altitude,  is  altered  by  the  interposition  of  clouds,  and 
the  action  of  winds;  lind  there  is  little  room  to 
doubt,  but  what  the  various  changes  that  thus  take 
place,  concur  in  }3roducing  many  of  the  smaller  and 
greater  phenomena  of  nature. 

Be  this  however  as  it  may,  it  is  certain  that  the 
various  irregularities  and  intern perature  of  the  ele- 
ments, which  seem  to  destroy  nature  in  one  season, 
serve  to  revive  it  in  another  :  the  immoderate  heats 
of  summer,  and  the  excessive  cold  of  winter,  prepare 
the  beauties  of  the  spring,  and  the  rich  fruits  of  au- 
tumn. These  vicissitudes,  which  seem  to  superti- 
cial  minds  the  effects  of  a  fortuitous  concourse  of  ir- 
regular causes,  are  regulated  according  to  weight 
and  measure  by  that  sovereign  wisdom,  who  iveighs 
the  earth  as  a  grain  of  sandy  the  sea  as  a  drop  of 
pjater. 
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I  have  already  shewn,  that  the  daily  motion  of  the 
sun  from  east  to  west,  is  not  a  real  but  an  :ip])arent 
one ;  w  hich  is  owing  to  the  rotation  of  the  earth 
round  its  axis.  Now  if  the  sun  liad  no  other  mo- 
tion but  this  apparent  one,  it  would  seem  to  go  once 
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round  the  earth,  in  the  time  of  one  complete  rota- 
tion, or  in  23  hours,  56  minutes  ;  which  is  the  case 
with  any  of  the  fixed  stars,  and  is  therefore  the 
length  of  a  sldef  ial  day.  But  the  sun  is  found  to 
take  up  a  lonj^er  time  to  complete  its  ap])arent  revo- 
hition ;  for  if  it  is  in  the  south  of  any  particular 
place  at  twelve  o'clock  at  noon  to-day,  it  will  not 
complete  an  apparent  revolution,  so  as  to  return  to 
the  south. of  that  place  again,  till  twelve  o'clock  at 
noon  on  the  next  day  ;  and,  consequently,  the  time 
of  this  apparent  revolution  is  twenty-four  hours. 

Let  us  endeavour  to  render  this  subject  clearer,  by 
defining,  in  other  words,  the  nature  of  the  solar  and 
siderial  day. 

The  solar  day  is  that  space  of  time  which  inter- 
venes between  the  sun  s  departing  from  any  one  me- 
ridian, and  its  return  to  the  same  circle  again;  which 
space  is  also  called  a  natural  day;  or  it  is  the  time 
from  the  noon  of  one  day  to  the  noon  of  the  next. 

The  siderial  day  is  the  space  of  time  which  hap- 
pens between  the  departure  of  a  star  from,  and  its 
return  to,  the  same  meridian  again. 

I  am  now  to  shew  why  these  days  differ  in  length, 
or  why  the  time,  that  the  sun  takes  up  to  complete 
one  revolution,  is  longer  than  the  time  the  earth 
takes  to  revolve  once  upon  its  axis. 

This  difference  arises  from  the  sun's  annual  mo- 
tion. For  the  sun  does  not  continue  always  in  the 
same  place  in  the  heaven,  as  the  fixed  stars  do ;  but 
it  is  seen  at  M,  plate  4,  fig,  2,  one  day,  near  the 
Sxed  star  R  ;  it  w  ill  have  shifted  its  place  the  next 
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day,  and  will  be  near  to  some  other  fixed  star  L. 
This  motion  of  the  smi  is  from  west  to  east,  and  one 
entire  revolution  is  completed  in  a  year.  Suppose, 
therefore,  that  the  sun,  when  it  is  at  M,  near  to  the 
iixed  star  R,  appears  in  the  south  of  any  particular 
place  S;  and  then  imagine  the  earth  to  turn  once 
round  upon  its  axis  from  west  to  east,  or  in  the  di- 
rection of  STVW,  so  that  the  place  may  be  return- 
ed  to  the  same  situation ;  after  this  rotation  is  com- 
pleted, the  star  R  will  be  in  the  south  of  the  place  as 
before  ;  but  the  sun  having,  in  the  meantime,  moved 
eastwards,  and  being  near  to  the  star  L,  or  to  the 
east  of  R,  will  not  be  in  the  south  of  the  place  S,  but 
to  the  eastward  of  it :  upon  this  account,  the  place  S 
must  move  on  a  httle  farther,  and  must  come  to  T  be- 
fore it  will  be  even  with  the  sun  again,  or  before  the 
sun  will  appear  exactly  in  the  south. 

This  may  be  illustrated  by  an  instance.  The  two 
hands  of  a  watch  are  close  together,  or  even  with  one 
another  at  twelve  ;  they  lx)th  turn  round  the  same 
way,  but  tlue  minute-hand  turns  round  in  a  shorter 
time  than  the  hour-hand  ;  when  the  minute-hand 
has  completed  one  rotation,  and  is  come  round  to 
twelve,  tlie  hour-hand  will  be  before  it,  or  will  be  at 
one  ;  so  that  the  minute-hand  must  move  more  tlian 
once  round,  in  order  to  overtake  the  hour-hand,  and 
be  even  with  it  again. 

As  this  subject  is  of  some  importance,  we  shall 
endeavour  to  render  it  more  clear,  by  placing  it  in  a 
different  point  of  view  :  the  more  so,  as  it  may  ac- 
custom the  young  pupil  to  reason  on  both  hypotheses. 
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namely,   the  motion  of  the  sun,  and  that  of  the 
earth. 

The  diameter  of  the  earth's  orbit  is  but  a  physical 
point,  in  proportion  to  the  distance  of  the  stars  ;  for 
which  reason,  and  the  earth's  uniform  motion  on  its 
axis,  any  given  meridian  will  revolve  from  any  star 
to  the  same  star  again,  in  every  absolute  turn  of  the 
earth  upon  its  axis ;  without  the  least  perceptible  dif- 
ference of  time  being  shewn  by  a  clock  which  goes 
exactly  tme. 

If  the  earth  had  only  a  diurnal,  without  an  an- 
nual motion,  any  given  meridian  would  revolve  from 
the  sun  to  the  sun  again,  in  the  same  quantity  of 
time  as  from  any  star  to  the  same  star  again ;  be- 
cause the  sun  would  never  change  his  place  with  re- 
spect to  the  stars.  But,  as  the  earth  advances  al- 
most a  degree  eastward  in  its  orbit,  in  the  time  that 
it  turns  eastward  round  its  axis,  whatever  star  passes 
over  the  meridian  on  any  day  with  the  sun,  will  pass 
over  the  same  meridian  on  the  next  day,  when  the 
sun  is  almost  a  degree  short  of  it ;  that  is,  3  minutes, 
66  seconds  sooner.  If  the  year  contained  only  36q 
days,  the  sim's  apparent  place,  so  far  as  his  motion 
is  equable,  would  change  a  degree  every  day  ;  and 
then  the  siderial  days  would  be  just  four  minutes 
shoiter  than  the  solar. 

Let  ABCDEFGH,  plate  4,  Jig,  3,  be  the  earth's 
orbit,  in  which  it  goes  round  the  sun  every  year,  ac- 
cording to  the  order  of  the  letters ;  that  is,  from 
west  to  east ;  and  turns  round  its  axis  the  same  way,^ 
from  the  mn  tp  the  sun  again,  in  every  twenty-four 
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hours.  Let  S  be  the  sim,  and  R  a  fixed  star,  at  such 
an  immense  distance,  that  the  diameter  GC  of  the 
earth's  orbit,  bears  no  sensible  proportion  to  that 
distance ;  Nmw  the  earth  in  different  points  of  its 
orbit.  Let  Nw  be  any  particular  meridian  of  the 
earth,  and  N  a  given  point,  or  place,  lying  under 
that  meridian. 

When  the  earth  is  at  A,  the  sun  S  hides  the  star 
R,  which  would  always  be  hid  if  the  earth  never 
moved  from  A ;  and,  consequently,  as  the  earth  turns 
round  its  axis,  the  point  N  would  always  come  round 
to  the  sun  and  the  star  at  the  same  time. 

But  when  the  earth  has  advanced  through  an 
eighth  part  of  its  orbit,  or  from  A  to  B,  its  motion 
round  its  axis  will  bring  the  point  N  an  eighth  part 
of  a  day,  or  three  hours,  sooner  to  the  star  than  to 
tlie  sun.  For  the  star  will  come  to  the  meridian  in 
the  same  time,  as  though  the  earth  had  continued  in 
its  former  situation  at  A ;  but  the  point  N  nuist  re- 
volve from  N  to  w,  before  it  can  have  the  sun  upon 
its  meridian.  Tlie  arc  N/i  being,  therefore,  the 
same  part  of  a  whole  circle  as  the  arc  AB,  it  is  plain 
that  any  star  which  comes  to  the  meridian  at  noon, 
with  the  sun,  when  the  earth  is  at  A,  will  come  to 
it  at  nine  o'clock  in  the  forenoon,  when  the  earth, 
is  at  B. 

When  the  earth  has  passed  from  A  to  C,  one- 
fourth  part  of  its  orbit,  the  point  N  will  have  tlie 
star  upon  its  meridian,  or  at  six  in  the  morning,  six 
hours  sooner  than  it  comes  round  to  the  sun ;  but 
the  point  N  must  revolve  six  hours  more  before  it 
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Jias  mid-day  by  the  sun:  for  now  the  angle  ASC  is 
a  ri<iht-ano"le,  and  so  is  NCw ;  that  is,  the  earth 
has  advanced  90  degrees  on  its  axis^  to  carry  thq 
point  N  from  the  star  to  the  sun ; '  for  the  star  al- 
ways comes  to  the  meridian,  when  Nm  is  parallel  to 
RSA ;  because  CS  is  but  a  point  in  respect  to  RS. 
When  the  earth  is  at  D,  the  star  comes  to  the  meri- 
dian at  three  in  the  morning ;  at  E,  the  earth  having 
gone  half  round  its  orbit,  N  points  to  the  star  at 
midnight,  it  being  then  directly  opposite  to  the  sun ; 
and,  therefore,  by  the  earth's  diurnal  motion,  the  star 
comes  to  the  meridian  twelve  hours  before  the  sun, 
and  then  goes  on,  till  at  A  it  comes  to  the  meridian 
with  the  sun  again. 

Tims  it  is  plain,  that  one  absolute  revolution  of 
the  earth  on  its  axis  (which  is  always  completed 
when  any  particular  star  comes  to  be  parallel  to  its 
situation  at  any  time  of  the  day  before),  never  brings 
the  same  meridian  round  from  the  sun  to  the  sun 
again ;  but  that  the  earth  requires  as  much  more 
than  one  turn  on  its  axis,  to  finish  a  natural  day,  as 
it  has  gone  forward  in  that  time;  which,  at  a  mean 
state,  is  a  365th  part  of  a  circle. 

From  hence  we  obtain  a  method  of  knowing  by 
the  stars,  whether  a  clock  goes  true  or  not.  For 
if,  through  a  small  hole  in  the  window-shutter,  or  in  a 
thin  plate  of  metal  fixed  to  a  window,  we  observe  at 
what  time  any  star  disappears  behind  a  chimney,  or 
corner  of  a  house,  at  a  little  distance ;  and  if  the 
same  star  disappears  the  next  night,  .3  minutes,  56 
seconds,   sooner  by  the  clock  ;  and   on   the  second? 
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7  minutes,  52  seconds  sooner;  the  third  night,  11 
minutes,  48  seconds  sooner,  and  so  on  every  night; 
it  is  an  infalUble  sign  that  the  machine  goes  true; 
otherwise  it  does  not,  and  must  be  regulated  accor- 
dingly. This  method  may  be  depended  on  to  nearly 
half  a  second'^. 


AN  EXPLANATION  OF  THE  PHENOMKNA  WHICH  ARISE 
FROM  THE  MOTION  OF  THE  EARTH,  AND  OF  THE 
INFERIOR  PLANETS,   MERCURY    AND  VENUS. 

It  will  be  necessary,  in  this  place,  to  define  more 
exactly  some  words  which  have  been  slightly  ex- 
plained before,  and  recal  the  reader's  attention  to 
some  definitions  that  have  been  already  given;  and, 
it  is  presumed,  that  these  repetitions  will  not  be  an 
object  of  complaint ;  because  they  will  answer  the  be- 
neficial purpose  of  grounding  the  reader  more  firmly 
in  the  knowledge  of  the  science,  to  which  this  Essay 
is  intended  as  an  introduction. 

When  two  planets  are  seen  together  in  the  same 
sign  of  the  zodiac,  and  equally  advanced  therein,  they 
are  said  to  be  in  conjunction.     But  when  they  are  in 

*  A  telescopic  tube,  with  intersected  wires  at  the  focus  of  the 
first  eye-glass,  fixed  agahist  a  wall,  or  the  telescope  of  a  Iheodoiite, 
or  other  instrument,  when,  placed  firmly  on  its  stand,  are  prefer- 
able and  more  accurate  instruments.  When  a  telescope,  on  a  pro- 
per and  firm  stand,  i:5  placed  duly  in  the  meridian  of  (he  place  for 
this  purpose,  it  then  becomes  a  meiidian  or  transit  telescope  ;  and 
is  the  best  instrument  for  adjusting  and  ascertaining  the  rate 
of  clocks  and  chronometers.     Edit. 
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Opposite  signs  of  the  zodiac,  they  are  said  to  be  in 
opposition.  Thus  a  planet  is  said  to  be  in  opposition 
to  the  sun,  when  the  earth  is  between  the  sun  and 
the  planet. 

Tlie  elongation  of  a  planet  is  its  apparent  distance 
from  tlie  sun.  When  a  planet  is  in  conjunction  with 
the  sun,  it  has  no  elongation ;  when  in  opposition 
its  elongation  is  1 80  degrees. 

The  nodes  of  a  planet's  orbit,  are  those  two  points 
where  the  orbit  cuts  the  plane  of  the  ecliptic.  I  be- 
fore observed,  that  the  orbits  of  all  the  planets  are 
inclined  to  the  plane  of  the  ecliptic,  and  consequent- 
ly cross  this  plane.  In  plate  3,  fig. 3,  A  B  C  D  is  the 
plane  of  the  ecliptic ;  E  B  F  D  is  the  orbit  of  a  planet, 
in  which  the  points  B  and  D  are  the  two  nodes. 

The  line  of  the  nodes  is  a  line  BD,  supposed  to  be 
drawn  through  the  sun  from  one  node  to  the  other. 
The  limits  of  a  planefs  orbit,  are  two  points  in  the 
middle  between  the  two  nodes.  The  point  E  is. 
called  the  greatest  northern  limit,  F  the  greatest 
southern  limit. 

The  greatest  d  istanee  of  the  earth,  or  of  any  planet 
from  the  sun,  is  called  its  aphelion^  or  higher  apsis  ; 
its  least  distance  is  called  the  perihelion,  or  lower 
a,psis. 

Thus  in  plate  3,  Jig,  4,  A  is  the  place  of  the  aphe- 
lion, P  that  of  the  perihelion. 

The  axis  V  A,  Jig.  4,  of  any  planet's  elipsis,  is.. 
called  the  line  of  the  apsides  :  the  extreme  points  of 
its  shortest  diameter  T  V,  are  the  places  of  its  mean 
distance  from  the  sun;  and  S  T,  or  S  V,  the  line  of 
its  mean  distance. 

Q2 
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When  a  planet  moves  according  to  tlie  order  of 
the  signs_,  its  motion  is  said  to  be  direct,  or  in  conse^ 
quentia-,  but  when  its  motion  is  contrary  to  tlie  or 
der  of  the  signs,  it  is  said  to  be  rctrogi^ade,  or  i)i 
antecedent  ia. 

The  place  in  the  starry  heavens  that  any  planet 
appears  in.  when  seen  from  the  centre  of  tlie  earth, 
is  called  its  geocentric  place.  The  place  where  it 
would  be  seen  in  the  celestial  sphere,  by  an  observer 
supposed  to  be  in  the  sun,  is  called  its  heliocentric 
place. 


OF  THE  CONJUNCTIONS  AND  ELONGATIONS  OF  THE 
INFERIOR  PLANETS,  VENUS  AND  MERCURY. 

There  are  two  different  situations,  in  which  an  in- 
ferior planet  will  appear  in  conjunction  with  the 
sun;  one  when  the  planet  is  between  the  sun  and 
the  earth,  and  the  other  when  the  sun  is  between  the 
earth  and  the  planet.  Let  A,  plate  6,^g.  2,  be  the 
earth  in  its  orbit,  E  the  place  of  Venus  in  her  orbit 
EHG,  S  the  sun,  FVPQRTD  an  arc  in  the  starry 
heavens.  In  this  situation  the  sun  and  Venus  are 
on  the  same  side  of  the  earth,  and  will  appear  in  the 
same  point  of  the  heavens,  so  as  to  be  in  conjunction. 
If  the  earth  is  at  A,  and  Venus  at  G,  they  will  also 
appear  to  be  in  conjunction. 

If  the  earth  is  at  A,  the  sun  at  S,  the  planet  at  E, 
nearer  to  the  earth  than  the  sun,  it  is  called  its  infe^ 
rior  conjunction.     But  if  the  earth  is  at  A,  and  the 
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planet  at  G,  farther  from  the  earth  than  the  sim,  this 
is  called  the  superior  conjunction  of  the  planet. 

If  an  inferior  planet  is  at  E,  the  earth  at  A,  and 
the  sun  at  S,  the  elongation  is  nothing,  the  planet 
being  then  in  its  inferior  conjunction.  As  the  planet 
moves  from  E  to  y,  its  elongation  increases  ;  for, 
when  it  is  at  y,  it  appears  in  the  line  A?/P,  while 
the  sun  appears  in  the  line  ASQ ;  so  that  PAQ  will 
be  its  elongation.  When  the  planet  is  arrived  at  x, 
it  appears  in  the  line  AxY,  which  is  a  tangent  to  its 
orbit ;  and  then  its  elongation  is  VAO,  which  is  the 
greatest  that  can  be  on  that  side  the  sun  ;  for,  after 
this,  the  elongation  decreases.  When  the  planet  is 
at  K,  its  elongation  is  PAQ  ;  when  at  G,  it  is  no- 
thing, because  it  is  then  in  its  superior  conjunction ; 
as  the  planet  moves  on  from  G,  its  elongation  again 
increases ;  for,  when  it  comes  to  C,  it  appears  in  the 
line  ACR,  and  its  elongation  is  RAQ.  When  the 
planet  comes  to  H,  a  line  drawn  from  the  earth 
through  the  planet,  is  a  tangent  to  the  orbit;  and 
the  elongation  is  TAQ,  the  greatest  it  can  have  when 
it  is  on  the  other  side  of  the  sun  ;  for,  after  this,  tbe 
elongation  again  decreases. 

Hence  it  is  clear,  that  the  inferior  planets  caij 
never  appear  far  from  the  sun,  but  must  always  ac- 
company it  in  its  apparent  motion  through  the  eclip^ 
tic.  When  we  see  either  Venus  or  Mercury,  it  is 
either  in  the  evening  in  the  west,  soon  after  the  sun 
has  set;  or,  in  a  morning,  a  little  before  the  sun  rises. 
Venus  is,  indeed,  bright  enough  sometimes  to  be  seen 
in  the  day-time,  but  then  she  is  never  far  from  the 
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sun.  The  greatest  elongation  of  Venus  is  about  40, 
and  of  Mercury  about  33  degrees. 
\  If  the  earth  is  at  A,  plate  6,  Jig.  2,  when  Venus 
appears  in  any  part  of  the  arc  Ea;G,  she  is  westward 
from  the  sun ;  and,  therefore,  rises  before  him  in  the 
morning,  and  is  called  the  moniing  star.  When  she 
appears  any  where  in  the  arc  GHE,  she  is  eastward 
from  the  sun,  and  therefore  sets  after  him ;  is  seen 
in  the  evening,  and  is  then  the  evening  star. 

From  the  apparent  motions  of  the  inferior  planets, 
we  derive  an  argument  to  prove  the  falsity  of  the 
Ptolemaic  system.  If  the  earth  was  within  the  orbit 
of  Venusy  as  the  Ptolemaic  system  supposes,  she 
might  be  sometimes  on  one  side  of  the  earth,  whilst 
the  sun  is-on  the  opposite  side  ;  or  Venus  might  be 
sometimes  in  opposition  to  the  sun ;  but  Venus  is 
never  seen  in  opposition.  Therefore  the  earth  is  on 
the  outside  of  the  orbit  of  Venus  ;  and,  consequent- 
ly, the  Ptolemaic  system  is  not  true.  The  same  is 
also  true  oi  Mercury.  But  this,  and  some  other  cir- 
cumstances relative  to  the  motions  of  these  planets, 
will  be  much  better  understood  by  means  of  a  plane- 
tarium than  by  a  diagram. 


OF     THE      RETROGRADE,     DIRECT,      AND     STATIONARY 
MOTIONS,    OF    VENUS    AND    MERCURY. 

It  is  easy  to  explain  these  motions  on  the  Coper- 
nican  system,  it  being  the  natural  result  of  the  re- 
spective situations  ahd  motions  of  the  earth  and  these 
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planets.  But^  on  the  Ptolemaic  system,  they  are 
inexplicable,  without  calling  in  the  aid  of  a  veiy 
complicated  hypothesis. 

When  the  inferior  planets  are  passing  from  their 
greatest  elongation,  on  one  side  of  the  sun,  through 
their  superior  conjunction,  to  their  greatest  elonga- 
tion on  the  other  side,  their  motion,  as  viewed  from 
the  earth,  is  direct.  In  order  to  explain  this  pro- 
position, we  shall  first  suppose  the  earth  to  be  at  rest 
s^:  A,  plate  6,  Jig.  2;  and  correct  this  supposition 
afterwards,  by  shewing  that  the  apparent  motion  of 
Venus,  or  Mercury,  seen  from  the  earth,  is  the  same 
in  this  respect,  whether*  the  earth  moves  in  its  orbit, 
or  rests  at  A. 

The  proposition  to  be  explained  is  this  :  that  as 
Venus,  for  instance,  moves  from  x,  its  greatest  elon- 
gation on  one  side  of  the  sun,  through  G,  its  superior 
conjunction,  to  H,  its  greatest  elongation  on  the 
other  side,  it  will  appear  to  a  spectator  upon  the 
earth,  to  move  from  w  est  to  east,  accordino-  to  the 
order  of  the  signs  ;  that  is,  its  geocentric  motion  will 
be  direct. 

The  planets  move  round  the  sun  from  west  to 
east ;  and,  consequently,  if  there  was  a  spectator  at 
the  sun,  they  would  appear  to  him  to  move  through 
the  zodiac,  according  to  the  order  of  the  signs  ;  or,  in 
other  words,  the  heliocentric  motion  of  Venus  is  di- 
rect. Now  if  the  sun  S,  and  the  earth  A,  are  both  on 
the  same  side  of  the  planet,  a  spectator  at  the  earth 
is  in  the  same  situation,  with  respect  to  the  planet 
and  its  motion,  as  if  he  had  been  at  the  sun :    for 
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whilst  the  planet  is  moving  from  x,  through  G,  to 
H,  a  sj>€ctator,  either  at  A  or  S,  is  on  the  concave 
side  of  the  planet's  orbit ;  and,  consequently,  the 
planet  will  appear  to  move  in  the  same  manner  from 
either  ;  but  the  apparent  motion  of  the  planet,  when 
seen  from  the  sun,  is  direct ;  and,  consequently,  its 
motion,  when  seen  from  the  earth,  will  also  be  direct. 

For,  when  Venus  is  at  x,  it  appears  to  a  spectator 
on  the  earth  at  A,  to  be  in  the  line  AxV,  or  is  seen 
among  the  stars  at  V ;  when  Venus  has  moved  to  K, 
it  is  seen  among  the  fixed  stars  at  P ;  when  it  has 
moved  to  G,  it  is  in  its  superior  conjunction  ;  when 
it  has  moved  to  C,  it  appears  among  the  fixed  stars 
at  R  ;  and  when  it  is  come  to  H,  it  appears  among 
the  fixed  stars  at  T.  Thus,  whilst  Venus  has  moved 
in  its  orbit  from  j?,its  greatest  elongation  on  one  side 
of  the  suPi  through  G,  its  superior  conjunction,  to 
H,  its  greatest  elongation  on  the  other  side,  it  apr 
pears  to  have  described  the  arc  VPQRT,  in  the  con-, 
cave  sphere  of  the  heavens  ;  but  the  letters  j?K, 
GCH,  lie  from  west  to  east,  because  they  lie  in  the 
same  direction  that  the  planet  moves  round  the  sun ; 
and  the  letters  VPQRT  lie  in  the  same  direction 
with  jtKGCII.  Therefore,  as  the  planet  seems  to 
a  spectator  on  the  earth,  to  describe  the  arc  VPQRT, 
its  apparent  motion,  seen  from  the  earth,  is  direct, 
or  from  west  to  east. 

The  second  proposition  is  this  :  that  while  the  in- 
ferior planets  move  from  their  greatest  elongation  on 
one  side  of  the  sun,  through  their  inferior  conjunct, 
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tion,  to  their  greatest  elongation  on  the  other  side, 
their  geocentric  motion  is  retrograde. 

In  other  words,  whilst  Venus  is  moving  from  itsc 
greatest  elongation  H,  plate  6,Jig,  2,  through  its  in- 
ferior conjunction  E,  to  its  other  greatest  elonga-^ 
tion  X,  it  appears  to  a  spectator  upon  the  earth  at  A, 
to  move  backwards,  or  from  east  to  west,  contrary  to 
the  order  of  the  signs. 

A  spectator  at  the  sun  is  on  the  concave  side  of 
the  planet's  orbit,  viewing  it  from  withinside.  But, 
whilst  Venus  is  moving  from  its  greatest  elongation 
H,'on  one  side,  through  E,  its  inferior  conjunction, 
to  X,  its  greatest  elongation  on  the  other  side,  a  spec- 
tator upon  the  earth  is  on  the  convex  side  of  its  orbit, 
viewing:  it  from  without. 

Therefore,  if  a  spectator  at  the  sun  S  would  see 
the  planet  move  one  way,  a  spectator  at  the  earth 
A  will  see  it  move  the  contrary  way ;  or  the  geocen- 
tric motion  will  be  contrary  to  its  heliocentric  mo- 
tion, and  therefore  retrograde  ;  for,  as  seen  from  the 
sun,  its  motion  is  always  direct. 

That  two  spectators,  one  at  the  earth,  the  other 
at  the  sun,  as  they  are  on  the  contrary  sides  of  the 
arc  HE.r,  will  see  the  planet  apparently  move  con* 
trary  ways,  may  be  rendered  more  plain  by  the  fol- 
lowing familiar  consideration.  If  two  men  stand 
with  their  faces  towards  each  other,  and  a  ball  is 
rolled  along  upon  the  ground,  this  ball  will  move 
from  the  right  hand  of  one  of  the  men  towards  his 
left,  and  from  the  left  hand  of  the  other  towards  his 
right.     In  like  manner,  if  one  man  is  at  the  earth 
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A,  and  the  other  at  tlie  sun  S,  then  whilst  the  planet- 
is  describing  the  arc  HEa?^  which  is  between  them, 
it  will  appear  to  move  from  the  right  hand  of  the 
man  at  S,  towards  his  left  ;  and  from  the  left  hand 
of  the  man  at  A,  towards  his  right. 

Whilst  the  motion  of  Venus  is  direct,  or  while  it 
is  describing  the  arc  j^GH,  it  appears  to  move  from 
V  to  T,  among  the  fixed  stars.  But,  after  it  has 
been  carried  in  its  orbit  from  H  to  z,  it  appears  in 
the  line  AzW,  and  is  seen  among  the  fixed  stars  at 
R.  When  it  comes  to  E,  it  appears  at  Q ;  and 
when  at  y,  its  apparent  place  in  the  heavens  is  at  P. 
Thus,  as  the  planet  passes  from  its  greatest  elonga- 
tion H,  on  one  side  of  the  sun,  through  its  inferior 
conjunction  E,  to  its  greatest  elongation  x,  on  the 
other  side,  it  apparently  runs  back  from  T  to  V,  or 
its  motion  is  retrograde. 

Our  third  proposition  is,  that  Venus  is  stationary, 
or  has  no  apparent  motion  for  some  time,  when  it  is 
at  its  two  greateFt  elongations  ;  that  is,  when  it  is  at 
H  or  X,  and  its  apparent  place  is  either  at  T  or  V. 

When  either  of  the  inferior  planets,  Venus  for 
instance,  is  at  its  greatest  elongation  H  or  or,  a  line 
drawn  from  the  earth  through  the  planet,  as  AHT, 
or  AxV,  is  a  tangent  to  the  orbit.  Now,  though  a 
right  line  touches  a  circle  but  in  one  point,  yet  some 
part  of  the  circle  greater  than  a  point  is  so  near  to 
the  tangent,  as  not  to  be  distinguished  from  it.  Thus 
the  arc  bd,  so  nearly  coincides  with  the  tangent 
AHT,  tliat  a  spectator  s  eye,  placed  at  A,  could  not 
distinguish  the  tangent  from  this  part  of  the  curve  ; 
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consequently,  while  the  planet  is  desoribiiig  this  arc, 
no  other  change  \a  ill  be  made  in  its  geocentric  place, 
than  if  it  was  to  move  in  the  tangent. 

But  the  geocentric  place  of  the  planet  would  not 
be  altered,  if  the  planet  was  to  move  in  the  tangent. 
For  if  it  was  to  move  from  T"  towards  A,  or  from  A 
to  V,  the  apparent  place  of  it  in  the  heavens  would, 
in  one  case,  be  at  T,  in  the  other  case  at  V.  There- 
fore, while  the  planet  is  at  its  greatest  elongation, 
and  is  describing  a  small  arc  in  its  orbit,  that  nearly 
coincides  with  the  tangent,  its  geocentric  place  does 
not  alter,  but  it  appears  to  continue  for  some  -time 
in  the  same  part  of  the  heavens,  or  is  stationary. 

I  have  hitherto  supposed  the  earth  to  be  at  rest; 
and,  upon  that  supposition,  have  explained  the  pro- 
gress and  regress,  the  conjuctions  and  stations  of  the 
inferior  planets.  If  this  supposition  was  true,  VT, 
or  the  arc  which  the  planet  at  any  time  describes  in 
its  progress,  and  TV,  the  arc  which  it  describes  in 
its  regress,  would  always  be  in  the  same  part  of  the 
heavens.  The  planet,  when  in  conjunction,  would 
always  appear  at  O  among  the  same  fixed  stars ;  and 
at  its  elonjration,  or  when  it  is  stationary,  it  would 
always  appear  among  the  same  fixed  stars  at  T,  on 
one  side  of  the  sun,  and  at  V  on  the  other. 

But  this  supposition  is  not  true  ;  for  the  earth  re-- 
volves  in  its  orbit  ABO  round  the  sun.  Now,  if  the 
earth  is  at  A,  at  the  time  of  either  conjunction,  the 
planet  at  this  conjunction  would  appear  among  the 
fixed  stars  at  Q  ;  and  the  arcs  of  the  greatest  elonga- 
tion QV  and  QT,  would  be  on  each  side  of  those 
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stars.  But,  if  the  earth  is  at  B,  at  the  time  of  either 
of  the  conjunctions  ;  then,  at  the  time  of  this  con- 
junction, the  planet  will  appear  in  the  line  BST,  and 
be  seen  among  the  fixed  stars  at  T ;  and  the  arcs  of 
the  greatest  elongation  will  be  on  each  side  of  these 
stars ;  that  is,  the  conjunctions  and  elongations  will 
happen  in  a  different  part  of  the  heavens,  when  the 
earth  is  at  B,  from  what  they  happen  when  the  earth 
is  ^tA.  In  other  respects,  the  foregoing  phenomena 
will  be  much  the  same,  notwithstanding  the  motion 
of  the  earth,  only  the  planet  will  be  more  direct  in 
the  farthest  part  of  the  orbit,  and  less  retrograde  in 
the  nearest. 

The  inferior  planets  always  appear  very  near  the 
sun ;  but,  by  the  motion  of  the  earth  in  its  orbit,  the 
sun  appears  in  different  parts  of  the  heavens,  in  dif- 
ferent timeg  of  the  year.  Therefore,  the  inferior  pla- 
nets, as  they  are  always  very  near  the  sun,  will 
also  appear  in  different  parts  of  the  heavens,  at  dif- 
ferent times  of  the  year.  And,  consequently,  their 
conjunctions  and  greatest  elongations  will  sometimes 
happen  when  they  are  in  one  part  of  the  heavens, 
and  sometimes  when  they  are  in  another  part.  Venus, 
seen  from  the  earth,  will  appear  to  vibrate  in  an  arc 
V  r,  half  of  which  is  on  one  side  of  the  sun  s  appa- 
rent place,  and  half  on  the  other  side. 

When  an  inferior  planet,  viewed  from  a  superior, 
moves  apparently  retrograde,  the  superior  planet  has 
also  an  apparently  retrograde  motion. 

When  a  superior  planet,  viewed  from  an  inferior, 
appears  stationary,  the  inferior  planet  viewed  at  the 
same  time  from  the  superior,  is  also  stationary. 
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That  the  planets  are  all  opake  or  dark  bodies ;  and, 
consequently,  shine  only  by  the  light  they  receive 
from  the  sun,  is  plain,  because  they  are  not  visible 
when  they  are  in  such  parts  of  their  orbits  as  are  be- 
tween the  sun  and  earth  ;  that  is,  when  their  illumi- 
nated side  is  turned  from  us. 

The  sun  enlightens  only  half  a  planet  at  once;  the 
illuminated  hemisphere  is  always  that  which  is  turned 
towards  the  sun,  the  other  hemisphere  of  the  planet 
is  dark.  To  speak  with  accuracy,  the  sun,  being 
larger  than  any  of  the  planets,  will  illuminate  rather 
more  than  half ;  but  this  difference,  on  account  of 
the  great  distance  of  the  sun  from  any  of  the  planets, 
is  so  small,  that  its  light  may  be  considered  as  com- 
ing to  them  in  lines  physically  parallel. 

Like  other  opake  bodies,  they  cast  a  shadow  be- 
hind them,  which  is  always  opposite  to  the  sun. 
The  line  in  the  planet's  body,  which  distinguishes 
the  lucid  from  the  obscure  part,  appears  sometimes 
straight,  sometimes  crooked.  The  convex  part  of 
the  curve  is  sometimes  towards  the  splendid,  and 
the  concave  towards  that  which  is  obscure ;  and  vice 
versa,  according  to  the  situation  of  the  eye,  with  re- 
spect to  the  planet,  and  of  the  sun  which  enlightens 
the  planet. 

Hence  the  inferior  planets,  going  round  the  sun 
in  less  orbits  than  our  earth  does,  will  sometimes 
have  more,  sometimes  less  of  their  illuminated  side 
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towards  us ;  and,  as  it  is  the  illuminated  part  only 
which  is  visible  to  us.  Mercury  and  Venus,  will, 
through  a  good  telescope,  exhibit  the  several  ap- 
pearances of  the  moon,  from  a  fine  tliin  crescent  to 
the  enlightened  hemisphere. 

If  we  view  V^enus  through  a  telescope,  when  she 
follows  the  sun's  rays  on  the  eastern  side,  and  ap- 
pears above  the  horizon  after  sun-set,  we  shall  see 
her  appear  nearly  round,  and  but  small ;  she  is  at 
that  time  beyond  the  sun,  and  presents  to  us  an  en- 
lightened hemisphere.  As  she  departs  from  the  sun 
towards  the  east,  she  augments  in  her  apparent  size; 
and  on  viewing  her  through  a  telescope,  is  seen  to 
alter  her  figure,  abating  of  her  apparent  roundness, 
and  appearing,  successively,  like  the  moon  in  the  dif- 
ferent stages  of  her  decrease.  At  length,  when  she 
is  at  her  greatest  elongation,  s!ie  is  like  the  moon  in 
her  first  quarter,  aiid  appears  as  she  does ;  when  from 
a  full,  she  has  decreased  to  a  half-moon. 
,  After  this,  as  she  approaches  (in  appearance)  to 
the  sun,  she  appears  concave  iu  her  illuminated  part, 
as  the  moon  when  she  forms  a  crescent ;  thus  she 
continues,  till  she  is  hid  entirely  in  the  sun's  rays, 
and  presents  to  us  her  whole  dark  hemisphere,  as  the 
moon  does  in  her  conjunction,  no  part  of  the  planet 
being  then  visible. 

When  she  departs  out  of  the  sun's  rays,  on  the 
western  side,  we  see  her  in  the  morning  just  before 
day-break.  It  is  in  this  situation  that  \  enus  is 
called  the  morning-star,  as  in  the  other  she  is  called 
the  evening-star.    She  at  this  time  appears  verj'  beau- 
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tifulj  like  a  fine  thin  crescent:  just  a  verge  of  silver 
light  is  seen  on  her  edge.  From  this  period,  she 
grows  more  and  more  enlightened  every  day^  till 
she  is  arrived  at  her  greatest  digression  or  elongation, 
when  she  again  appears  as  a  half-moon,  or  as  the 
moon  in  her  first  quarter :  from  this  time,  if  conti- 
nued to  be  viewed  with  a  telescope,  she  is  found  to 
be  more  and  more  enlightened,  though  she  is  all 
the  while  decreasing  in  magnitude;  and  thus  con- 
tinues growing  smaller  and  rounder,  till  she  is  again 
hid  or  lost  in  the  sun's  rays. 

Plate  8,  Jig.  1,  represents  the  orbits  of  Venus  and 
the  earth,  with  the  sun  in  the  centre  of  them.  The 
planet  Venus  is  drawn  in  eight  different  situations^ 
with  its  illuminated  hemisphere  towards  the  sun. 
If  we  suppose  the  earth  to  be  at  T,  when  Venus  is 
at  A,  her  dark  hemisphere  is  towards  the  earth,  and 
she  is  therefore  invisible,  except  the  conjunction 
happens  in  her  node,  for  then  she  appears  like  a  dark 
spot  upon  the  disc  of  the  sun.  When  Venus  is  at 
B,  a  little  of  her  enlightened  side  is  turned  towards 
the  earth,  and  therefore  she  appears  sharp-horned . 
when  she  is  at  C,  half  her  enlightened  hemisphere  is 
turned  towards  the  earth,  and  she  appears  hke  a 
half-moon  ;  at  D,  more  than  half  her  enlightened 
hemisphere  is  towards  us,  and  she  appears  like  the  half- 
moon  about  three  days  before  it  is  full ;  at  E,  the 
whole  enlightened  hemisphere  is  towards  the  earth  ; 
Venus  is  then  either  behind  the  sun,  or  so  veiy  near 
him,  that  she  can  hardly  be  seen ;  but  if  she  could,  she 
would  appear  round,  like  the  full-moon.    AtF,  she  is 
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like  the  moon  three  days  after  the  full;  at  G,  like  a 
half-moon  again;  at  H,like  a  crescent,  with  the  points 
of  the  horn  turned  the  contrary  way  to  what  they 
were  at  B.  All  this  is  equally  applicable  to  Mercury, 

Plate  S,Jig,  2,  exhibits  the  different  appearances 
of  Venus^  corresponding  to  her  several  situations  in 
the  foregoing  figure;  thus,  when  Venus  is  at  A,  Jig. 
1,  she  is  quite  dark,  as  at  A,  Jig  2;  when  she  is  at 
By  Jig,  1,  she  appears  as  at  B,^«-.  2,  &c. 

The  inferior  planets  do  not  shine  brightest  when 
they  are  full ;  thus,  Venus  does  not  appear  brightest 
in  her  superior  conjunction,  though  her  illuminated 
hemisphere  be  then  turned  towards  us.  Her  splen- 
dor is  more  diminished,  by  her  being  at  a  greater  dis- 
tance from  us;  then  the  conspicuous  part  of  her 
illuminated  disc  is  increased.  Dr.  Halley  has  shewn 
that  Venus  is  brightest  when  her  elongation  from 
the  sun  is  about  40°.  Mercury  is  in  his  greatest 
brightness,  when  very  near  his  utmost  elongation. 
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I  have  already  observed,  that  the  greatest  elonga- 
tion of  either  of  the  inferior  planets  is  less  than  90% 
or  a  quarter  of  a  circle;  so  that  they  are  never  far 
from  the  sun,  but  constantly,  attend  it.  But  the  su- 
perior planets  do  not  always  accompany  the  sun,  as 
I  have  shewn  that  the  inferior  ones  do;  they  are,  in- 
deed, sometimes  in  conjunction  with  it,  but  then  they 
are  also  sometimes  in  opposition  to^  or  180^  from  it. 
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Let  S,  plate  6,  Jig.  3,  be  the  sun ;  ABCD,  the 
orbit  of  any  superior  planet,  Mars,  for  instance ; 
EFG,  the  earth's  orbit.  If  the  earth  be  at  E,  the 
sun  at  S,  and  tlie  planet  at  D,  the  sun  and  the  planet 
will  be  both  on  the  same  side  of  the  earth ;  and,  con- 
sequently, the  planet  will  appear  in  conjunction  with 
the  sun.  But,  as  the  orbit  of  the  earth  is  between 
the  sun  and  the  orbit  of  the  superior  planet,  it  is 
possible  for  the  earth  to  be  between  the  sun  and  the 
planet ;  and,  consequently,  for  the  planet  and  the  sun 
to  be  on  opposite  sides  of  the  earth,  or  the  planet 
to  be  in  opposition  ;  thus,  if  when  the  earth  is  at  E, 
Mars  be  at  A,  he  is  then  in  opposition  to  the  sun. 

A  superior  planet  is  in  quadrature  with  the  sun 
when  its  geocentric  place  is  in  90°  from  the  geocentric 
place  of  the  sun.  If  the  earth  be  at  E,  and  Mars 
at  B  or  C,  he  is  in  quadrature  with  the  sun;  for  the 
line  AE,  EB,  form  a  right  angle;  as  do  also  the 
lines  EA,  EC. 


OF  THE   DIRECT,    STATIONARY,   AND   RETROGRADE, 
MOTION    OF   THE   SUPERIOR    PLANETS. 

As  the  earth  goes  round  the  sun  in  less  time,  and 
in  a  less  orbit  than  any  of  the  superior  planets,  it 
will  not  be  amiss  to  suppose  a  superior  planet  to 
stand  still  in  some  part  of  its  orbit,  while  the  earth 
goes  once  round  the  sun  in  hers,  and  consider  the 
appearances  the  planets  would  then  have,  which  are 
these:   1.  While  the  earth  is  in  her  most  distant  se- 
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micircle,  the  apparent  motion  of  the  planet  would 
be  direct.  2.  While  the  earth  is  in  her  nearest  se- 
micircle, the  planet  would  be  retrograde.  3.  While 
the  earth  is  near  the  points  of  contact  of  a  line  drawn 
from  the  phmet,  so  as  to  be  a  tangent  to  tlie  earth's 
orbit,  the  planet  would  be  stationary. 

To  illustrate  this,  let  ABCDEFHG,  plate  7, 
fig,  J,  be  the  orbit  of  the  earth  ;  S,  the  sun;  P^ 
VO,  the  oibit  of  Mars;  LMNT,  an  arc  of  the 
ecliptic.  Let  us  now  suppose  the  planet  Mars  to 
continue  at  P,  while  the  earth  goes  round  in  her  or- 
bit, according  to  the  order  of  the  lettei-s,  ABC,  &.c. 
ABCDEillG  may  be  considered  iis  so  many  sta- 
tions, from  whence  an  inhabitant  of  the  earth,  woulil 
view  Mars,  at  different  times  of  the  year;  and  if 
straight  lines  be  drawn  from  each  of  these  stations, 
through  Mars,  at  P,  and  be  continued  to  the  eclip- 
tic, they  will  ])oint  out  the  apparent  places  of  Mars 
in  the  heavens,  at  these  different  stations. 

Tims,  supposing  the  earth  at  A,  the  planet  will 
be  seen  among  the  stars  at  L ;  when  the  earth  is 
arrived  at  B,  the  planet  will  appear  at  M  ;  and  in 
the  same  manner,  when  at  C,  D,  and  E,  it  will  be  seen 
among  the  stars  at  N,  R,  T ;  therefore,  while  the 
earth  moves  over  the  large  part  of  the  orbit  ABCDK. 
the  planet  will  have  an  apparent  motion  from  L  to  T  x 
and  this  motion  is  from  west  to  east,  or  the  same 
way  with  the  earth  ;  and  the  planet  is  said  to  move 
direct,  or  according  to  the  order  of  the  signs. 

When  the  earth  is  near  to  A  and  E,  the  point  of 
contact  of  the  tangent  to  the  earth's  orbit,  the  planet 
will  be  stationary  for  a  short  space  of  time. 
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When  the  earth  moves  from  E  to  H,  the  planet 
«eems  to  return  from  T  to  N  ;  but  while  it  moves 
from  H  to  A,  it  will  appear  to  move  in  a  contrary 
direction,  and  thus  be  retrograde  from  N  to  L,  where 
it  will  again  be  stationary  :  and,  since  the  part  of 
the  orbit,  which  the  earth  describes  in  passing  from 
A  to  E,  is  much  greater  than  the  part  EHP,  though 
the  space  TL,  which  the  planet  describes  in  direct 
and  retrograde  motion,  is  the  same ;  the  direct  motion 
from  L  to  T  must  be  much  slower  than  the  retro- 
grade motion  from  T  to  L. 

Whea  the  earth  is  at  C,  a  line  drawn  from  Q 
through  S  and  P,  to  the  ecliptic,  shews  that  Mars 
is  then  in  conjunction  with  the  sun.  But,  when  the 
earth  is  at  H,  a  line  dravm  from  H  through  P,  and 
continued  to  the  ecliptic,  would  terminate  in  a  point 
opposite  to  S  ;  therefore,  in  this  situation.  Mars 
would  be  in  opposition  to  the  sun.  Thus  it  appears^ 
that  the  motion  of  Mars  is  direct,  when  in  con- 
junction ;  and  retrograde,  when  in  opposition. 

The  retrograde '  motions  of  the  superior  j^lanets 
happen  oftener,  the  slower  their  motions  are  ;  as 
the  retrograde  motions  of  the  inferior  planets  hap- 
pen oftener,  the  swifter  their  angular  motions.  Be- 
cause the  retrograde  motions  of  the  superior  planets 
depend  upon  the  motions  of  the  earth ;  but  those  of 
the  inferior,  on  their  own  angular  motion.  A  supe- 
rior one  is  retrograde  once  in  each  revolution  of 
the  €arth  ;  an,  inferior  one  In  every  revolution  of  it* 
owr>. 
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OTHER  PHENOMENA  OF  THE  SUPERIOR  PLANETS. 

Tlie  superior  planets  are  sometimes  nearer  the 
earth  than  at  other  times  ;  they  also  appear  larger, 
or  smaller,  according  to  their  different  distances 
from  us.  Tims,  suppose  the  earth  to  be  at  H,  if 
Mars  be  at  P,  he  is  the  whole  diameter  of  the  earth's 
orbit  nearer  to  us,  than  if  he  were  at  V ;  and,  con- 
sequently, his  disc  must  appear  larger  at  P,  than  it 
would  be  at  V.  In  other  places,  the  distances  of 
Mars  from  the  earth  are  intermediate. 

1  he  diameter  of  the  earth's  orbit  bears  a  gi-eater 
ratio  to  the  diameter  of  the  orbit  of  Mars,  than 
it  does  to  the  diameter  of  the  orbit  of  Jupiter ; 
and  a  greater  to  that  of  Jupiter  than  of  Saturn  ; 
consequently,  the  difference  betw  een  the  greatest  and 
least  apparent  diameters  is  greater  in  Mars  than  in 
Jupiter  ;  and  greater  in  Jupiter,  than  in  Saturn. 

Tlie  superior,  like  the  inferior  planets,  do  not  al- 
ways appear  in  the  ecliptic,  theirorbits  being  inclined 
also  to  that  of  the  earth;  one-half  is  therefore  above 
the  ecliptic,  the  other  half  below  it ;  nor  are  they 
ever  seen  in  it  but  when  they  are  in  their  nodes. 

Tliey  also  move  in  an  ellipse.  They  are  some- 
times nearer  to,  and  sometimes  further  from  the 
earth.  Their  apparent  diameter  varies  according  to 
the  difference  in  their  distance. 
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OF  THE  SECONDARY  PLANETS,  OR  SATELLITES. 

It  has  been  already  observed,  that  four  of  the 
primary  planets,  the  Earth,  Jupiter,  Saturn,  and 
the  Georgium  Sidus,  are,  in  their  revolutions  round 
the  sun,  attended  by  secondary  planets. 

As  the  moon  turns  round  the  earth,  enlightening 
our  night,  by  reflecting  the  light  she  receives  from 
the  sun,  so  do  the  other  satellites  enlighten  the  pla- 
nets to  vv^hich  they  belong,  and  move  round  those 
])lanets  at  different  periods  of  time,  proportioned  to 
their  several  distances  ;  and  as  the  moon  keeps  com- 
pany with  this  earth,  in  its  annual  revolution  round 
the  sun,  so  do  they  severally  accompany  the  planets 
to  which  they  belong,  in  their  several  courses  round 
that  luminary. 

I  shall  speak  here  first  of  the  moon,  which  of  all 
the  heavenly  bodies,  excepting  the  sun,  is  the  most 
splendid  and  brilliant,  the  inseparable  companion 
and  attendant  of  our  earth.  In  mythology,  she  was 
considered  as  Luna ;  in  the  heavens,  the  radiant  pla- 
net of  the  night ;  upon  the  eartti,  as  the  chaste  Diana, 
and  as  the  tremendous  Hecate  in  hell. 
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If  we  imagine  the  plane  of  the  moon's  orbit  to  be 
extended  to  the  sphere  of  the  heaven,  it  would  mark 
therein  a  great  circle,  which  may  be  called  the  moon  s 
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apparent  orbit ;  because  the  moon  appears  to  the  in^ 
habitants  of  the  earth  to  move  in  that  circle,  through 
the  twelve  signs  of  the  zodiac,  in  a  periodical  month. 
This  position  is  illustrated  by  the  following  figure;  let 
EFGHI,  plate  ^,fg.  3,  be  the  orbit  of  the  earth  ;  S 
the  sun  ;  rtkvZ  the  orbit  of  the  moon,  u^h?n  the  earth 
is  at  E  :  let  A  BCD  be  a  great  circle  in  the  sj^here  of 
the  heaven,  in  the  same  plane  with  the  moon's  orbit. 
The  moon,  by  going  round  her  orbit  according  to 
the  order  of  letters,  appears  to  an  inhabitant  of  the 
earth  to  go  round  in  the  great  circle  ABCD,  ac- 
cording to  the  order  of  those  letters  :  for,  when  the 
moon  is  at  «,  seen  from  the  earth  at  E,  she  aj)pears  at 
A ;  when  the  moon  is  got  to  h,  she  appears  at  B  ; 
when  to  fj  she  w  ill  appear  at  C  ;  when  arrived  at  d, 
she  will  appear  at  D.  It  is  true,  when  the  moon  is 
at  h,  the  visual  line  drawn  from  E,  through  the 
moon,  terminates  in  L ;  as  it  does  in  M,  when  the 
moon  is  at  d ;  but  the  lines  LM,  and  DB,  being  pa- 
rallel, and  not  farther  distant  from  each  other  than 
the  distance  of  the  earth's  orbit,  are,  as  to  sense,  coin- 
cident ;  their  distance  measured  in  the  sphere  of  the 
heaven  being  insensible  :  for  the  same  reason,  though 
the  earth  moves  from  E  to  F,  in  the  time  that  the 
jiioon  goes  round  her  orbit,  so  that,  at  the  end  of  2^ 
periodical  month,  the  moon  will  be  at  a,  and  is  seen 
from  the  earth  at  F,  in  the  line  FN  ;  the  moon  will, 
notwithstanding,  appear  at  A,  the  lines  FN  and  EA 
being  parallel,  and,  as  to  sense,  coincident:  in  like 
panner,  in  whatever  part  of  her  orbit  the  earth  is,  as 
^^t  H  or  I,  the  moon,  by  going  round  in  her  orbit^ 
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will  appear  to  an  inlial^itant  of  the  earth  to  go  rouncl 
in  the  great  circle  ABCD. 

Tlie  plane  of  the  moon's  orbit  extended  to  the 
heaven  s,  cuts  the  ecliptic  in  two  opposite  points. 

The  two  points  where  the  moon's  apparent  orbit 
thus  cuts  the  ecliptic^  are  called  the  moons  nodes. 

The  point  where  the  inoon  appears  to  cross  the 
ecliptic,  as  she  goes  into  north  latitude,  is  called  the 
moon's  ascending  node,  of  which  this  is  the  cha- 
racter ^  ;  the  point  where  the  moon  goes  into  south 
latitude  is  her  descending  node,  and  is  marked 
thus  ^  ;  the  moon's  ascending  node  is  often  called 
tlie  dragon's  head ;  her  descending  node  the  dragon*s 
tail. 

The  line  of  the  moorCs  node  is  a  line  drawn  from 
one  node  to  the  other. 

I'he  extremities  of  the  line  of  the  nodes  are  not 
always  directed  towards  the  same  points  of  the 
ecliptic,  but  continually  shift  their  places  from  east 
to  west ;  or,  cojitrary  to  the  order  of  the  signs,  per- 
forming an  entire  revolution  about  the  earth,  in  tlie 
space  of  something  less  than  pineteen  years. 

The  moon  appears  in  the  ecliptic  only  w  hen  she  is- 
in  one  of  her  nodes ;  in  all  other  parts  of  her  orbit 
she  is  either  in  north  or  south  latitude,  sometimes 
nearer  to,  sometimes  further  removed  from  the 
ecliptic,  according  as  she  happens  to  be  more  or  less 
distant  from  the  nodes. 

When  the  place,  in  which  the  moon  ^pj)ears  to  au 
inhabitant  of  the  earth,  is  the  same  with  the  snn's 
place,  she  is  said  to  be  in  conjunction.     When  tlie 
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inoon's  place  is  o})posite  to  the  sun's  place,  she  is  said 
to  be  in  opposifion.  When  she  is  a  quarter  of  a  circle 
distant  from  the  sun^  she  is  said  to  be  in  quadrature. 
Both  the  conjunction  and  the  opposition  of  the  moon 
are  termed  syzigies. 

The  common  hniar  month,  or  the  time  that  passes 
between  any  new- moon  and  the  next  that  follows,  is 
called  a  sij nodical  month,  or  a  lunation.  This  month 
contains  29  days,  12  hours,  44  minutes,  3  seconds. 

A  periodical  month  is  the  time  the  moon  takes  up 
to  describe  her  orbit :  or,  in  otlier  words,  the  time 
in  which  the  moon  performs  one  entire  revolution 
about  the  earth,  from  any  point  in  the  zodiac  to  the 
same  again  ;  and  contains  27  days,  7  hours,  Al\ 
minutes. 

If  the  earth  had  no  revolution  round  the  sun,  or 
the  sun  had  no  apparent  motion  in  the  ecliptic,  the 
periodical  and  synodical  month  would  be  the  same ; 
but  as  this  is  not  the  case,  the  moon  takes  up  a  longer 
time  to  pass  from  one  conjunction  to  the  next,  than 
to  describe  its  whole  orbit ;  or  the  time  between  one 
new-moon  and  the  next,  is  longer  than  the  moon  s 
periodical  time. 

'J  he  moon  revolves  round  the  earth  from  w^st  to 
east,  and  the  sun  apparently  revolves  round  the  earth 
the  same  way.  Now  at  the  new-moon,  or  when  the 
sun  and  moon  are  in  conjunction,  they  both  set  out 
from  the  same  place,  to  move  the  same  way  round 
the  earth  ;  but  the  moon  moves  much  faster  than  tlie 
sun-  and,  consequently,  will  overtake  it ;  and  when 
the  Rioon  does  overtake  it,  it  will  be  a  new-moon 
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again.  If  the  sun  had  no  apparent  motion  in  the 
ecHptic,  the  moon  would  come  up  to  it,  or  be  in 
conjunction  again,  after  it  had  crone  once  round  in 
its  orbit ;  but  as  the  sun  moves  forward  in  the  echp- 
tic,  whilst  the  moon  is  going  round,  the  moon  must 
move  a  little  more  than  once  round,  before  it  comes 
even  with  the  sun,  or  before  it  comes  to  conjunction. 
Hence  it  is  that  the  time  between  one  conjunction 
and  the  next  in  succession,  is  something  more  than 
the  time  the  moon  takes  up  to  go  once  round  its 
orbit ;  or  a  synodical  month  is  longer  than  a  perio- 
dical one. 

Ill  plate  8,  fig.  3,  let  S  be  the  sun  ;  CF  a  part  of 
the  earth's  orbit;  MD  a  diameter  of  the  moon's 
orbit  when  the  earth  is  at  A  ;  and  md  another  dia- 
meter parallel  to  the  former,  when  the  earth  is  at  B. 
Whilst  the  earth  is  at  A,  if  the  moon  be  at  D,  she 
will  be  in  conjunction  ;  and  if  the  earth  was  to  con- 
tinue at  A,  when  the  moon  had  gone  once  round  its 
orbit,  from  D  through  M,  so  as  to  return  to  D  again, 

tit  would  be  again  in  conjunction.  Therefore,  upon 
the  supposition  that  the  earth  has  no  motion  in  its 
orbit,  the  periodical  and  synodical  months  would  be 
equal  to  one  another.  But  as  the  earth  does  not 
continue  at  A,  it  will  move  forward  in  its  orl)it, 
during  the  revolution  of  the  moon  from  A  to  B ; 
and  as  the  moon  s  orbit  moves  with  it,  the  diameter 
MD  will  then  be  in  the  position  md;  therefore, 
when  the  moon  has  described  its  orbit,  it  will  be  at 
d  in  this  diameter  md ;  but  if  the  moon  is  at  d,  and 
the  sun  at  S,  the  moon  will  not  be  in  conjunction ; 
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consequenth^,  tlie  periodical  month  is  complett-d 
before  the  sv  nodical.  Tlie  moon,  in  order  to  come 
to  conjunction,  when  the  earth  is  at  B,  must  l.e 
at  e,  in  the  diameter  ef';  or,  besides  going  once 
round  its  orbit,  it  must  also  describe  the  arc  6?e. 
Th^  synodical  month  is  therefore  longer  than  the 
periodical,  by  the  time  the  moon  takes  up  to  describe 
the  arc  de. 

This  may  also  be  explained  in  another  manner,  by 
considering  the  apparent  motion  of  the  sun  j  a  view 
of  the  subject^  that  m-ay  render  it  more  easy  to  some 
young  minds  than  the  foregoing.  Thus,  let  us  sup- 
pose the  earth  at  rest  at  E,  plate  8,  Jig,  4  ;  M  the 
moon  in  conjunction  with  the  sun  at  S,  while  the 
moon  describes  her  orbit  ABC  about  the  earth  at  E| 
let  the  sun  advance,  by  his  apparent  annual  motion, 
from  8  to  D.  It  is  plain  that  the  moon  will  not 
come  in  conjunction  with  the  sun  again,  till,  besides 
describing  her  orbit,  she  hath  described,  over  and 
jbovCj  the  arc  MF  corresponding  to  the  arc  SD. 
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As  the  moon  goes  round  the  earth  in  a  much 
smaller  orbit  than  that  in  which  the  earth  revolves 
round  tl;ie  sun,  sometimes  more,  sometimes  less, 
and  sometimes  no  part  of  her  enlightened-half  will 
be  towards  us  ;  hence  she  is  incessantly  varying  her 
appearance ;  sometimes  she  looks  full  upon  us,  and 
her  visage  is  all  lustre ;  sometimes  she  shews  only 
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half  her  enlightened  fiice,  soon  she  appears  as  a 
radiant  crescent,  in  a  little  time  all  her  bnghtness 
vanislies,  and  she  becomes  a  beamless  orb. 

The  full  moon,  or  o[)position,  is  that  state  in 
wliich  her  whole  disc  is  enliohtened,  and  we  see  it 
all  bright,  and  of  a  circular  figure.  Tlie  new-moon 
is  when  she  is  in  conjunction  with  the  sun  ;  in  this 
state,  the  whole  surface  turned  towards  us  is  dark, 
and  is  therefore  invisible  to  us. 

The  first  quarter  of  the  moon  she  appears  in  the 
form  of  a  semicircle,  but  with  the  circumference 
turned  towards  the  west.  At  the  last  quarter,  she 
appears  again  under  the  form  of  a  semicircle,  but 
^vith  the  circumference  turned  towards  the  east. 

These  phases  may  be  illustrated  in  a  very  pleasing 
manner  to  the  pupil,  by  exposing  an  ivory  ball  to  the 
sun,  in  a  variety  of  positions,  by  which  it  may  pre- 
sent a  greater  or  smaller  part  of  its  illuminated  sur- 
face to  the  observer.  If  it  be  held  nearly  in  opposi- 
tion, so  that  the  eye  of  the  observer  may  be  almost 
immediately  between  it  and  the  sun,  the  greatest 
part  of  the  enlightened  side  will  be  seen  ;  but  if  it 
be  moved  in  a  circular  orbit,  towards  the  sun,  the 
visible  enlightened  part  will  gradually  decrease,  and 
at  last  disappear,  when  the  ball  is  held  directly  to- 
wards the  sun.  Or,  to  apply  the  experiment  more 
immediately  to  our  purpose  ;  if  the  ball,  at  any  time 
when  the  sun  and  moon  are  both  visible,  be  held  di- 
rectly between  the  eye  of  the  observer  and  the  moon, 
tliat  part  of  the  ball  on  which  the  sun  shines,  will 
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appear  exactly  of  tlie  same  figure  as  the  moon 
itself. 

The  phases  of  the  moon,  hke  those  of  Vejjus,  may 
aho  be  illustrated  by  a  diagram  ;  thus,  in  plate  9, 
fig,  1,  let  8  be  the  sun,  T  the  earth,  ABCDEFGH 
the  orbit  of  the  moon.  'Die  first  observation  to  be 
defluced  from  tiiis  figure  is,  that  the  half  of  the  earth 
and  moon,  which  is  towards  the  sun,  is  wholly  en- 
lightened by  it ;  and  the  other  half,  which  is  turned 
from  it,  is  totally  dark.  When  the  moon  is  in  con- 
junction with  the  sun  at  A,  her  enlighteneil  hemi- 
sphere is  turned  towards  the  sun,  and  the  dark  one 
towards  the  earth  ;  in  which  case  we  cannot  see  her, 
and  it  is  said  to  be  new-moon.  When  the  moon  has 
moved  from  A  to  B,  a  small  portion,  ah,  of  her  en- 
lightened hemisphere  will  be  turned  towards  the 
earth  ;  whicli  portion  will  appear  of  the  form  repre- 
sented at  B,fig,  2,  (a  figure  which  exhibits  the  phases 
as  they  appear  to  us). 

As  the  moon  proceeds  in  her  orbit,  according  to 
the  order  of  the  letters,  more  and  more  of  her  en- 
lightened part  is  turned  towards  the  earth.  When 
slie  j^rrives  at  C,  in  which  position  she  is  said  to  be 
in  quadrature,  onc-lvilf  of  that  part  towards  the 
earth  is  enlightened,  appearing  as  at  C  among  the 
phases  ;  this  appearance  is  called  a  half-moon.  When 
she  comes  to  Y>,  the  greatest  part  of  that  half  which 
is  towards  us  is  enlightened  ;  the  moon  is  then  said 
to  be  gibbous,  and  of  that  figure  which  is  seen  at  D, 
in./-.  2. 
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When  the  moon  comes  to  E,  she  is  in  opposition 
to  the  sun,  and  consequently  turns  «all  her  illuminated 
surface  towards  the  earth,  and  shines  with  a  full  face, 
for  which  reason  she  is  called  a  full-moon.  As  she 
passes  through  the  other  half  of  her  orbit,  from  E,  by 
FG,  and  H,  to  A  again,  she  puts  on  tlie  same  phases 
as  before,  but  in  a  contrary  order  or  position. 

As  the  moon,  by  reflected  light  from  the  sun,  illu- 
minates the  earth ;  so  the  earth,  does  more  than  repay 
her  kindness,  in  enlightening  the  surface  of  the 
moon,  by  the  sun  s  reflex  hght,  which  she  diffuses 
more  abundantly  upon  the  moon,  than  the  moon 
does  upon  us  :  for  the  surface  of  the  earth  is  consi- 
derably greater  than  that  of  the  moon  ;  and  conse- 
quently, if  both  bodies  reflect  light  in  proportion  to 
their  size,  the  earth  will  reflect  much  more  light 
upon  the  moon  than  it  receives  from  it. 

In  a  new-moon,  the  illuminated  side  of  the  earth 
is  fully  turned  towards  the  moon,  and  the  Lunarians 
will  have  a  full  eartii,  as  we,  in  a  similar  positioii, 
have  a  full-moon.  And  from  thence  arises  that 
dim  hght  which  is  observed  in  the  old  and  new- 
moons  ;  whereby,  besides  the  bright  and  shining 
horns,  we  can  perceive  the  rest  of  her  body  behind 
them,  though  but  dark  and  obscure.  Now,  when 
the  jnoon  comes  to  be  in  opposition  to  the  sun,  the 
earth,  seen  from  the  moon,  will  appear  in  conjunc- 
tion witii  him,  and  its  dark  side  will  be  turned  to-, 
wards  the  moon,  in  which  position  the  earth  will  be 
invisible  to  tlie  Lunarians  ;  after  this,  the  earth  will 
appear  to  them*  as  a  crescent,     bi  a  word,  the  earth 
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exhibits  the  same  appearance  to  the  inhabitants  of 
the  moon,  as  the  moon  does  to  us. 

The  moon  turns  about  its  own  axis  in  the  same 
time  that  it  moves  round  tlie  earth  ;  it  is  on  this  ac- 
count that  she  ahvays  presents  nearly  tlie  same  face 
to  us  :  for,  by  this  motion  round  lier  axis,  slie  turns 
just  so  much  of  her  surface  constantly  towards  ns,  a» 
by  her  motion  about  the  earth  would  be  turned  from 
us.  This  motion  about  her  axis  is  equable  and  uni- 
form, but  that  about  the  earth  is  unequal  and  irre- 
gular, as  being  performed  in  an  ellipses  ;  conse- 
quently, the  same  precise  part  of  the  moon's  surface 
can  never  be  shewn  constantly  to  the  earth  ;  wdiich 
is  confirmed  by  a  telescope,  b}^  which  we  often  ob- 
serve a  little  segment  on  the  eastern  and  western 
limb,  appear  and  disappear  by  turns  as  if  her  body 
librated  to  and  fi*o  ;  this  phenomenon  is  called  the 
moon's  lihration.  The  lunar  motions  are  subject  to 
several  other  irregularities,  which  are  fully  discussed 
in  the  larger  works  on  astronomy. 


OF   THE    SATELLITES    OF    Jl  PFFER,    SATURN,    AND 
THE    GEORGIUM    SIDUS. 

The  existence  of  all  the  satellites,  except  the  moon, 
must  have  remained  unknown,  without  the  assistance 
of  the  telescope.  By  the  assistance  of  this  instru- 
ment, Jupiter  is  found  to  be  attended  by  four,  Saturn 
by  seven,  and  the  Georgium  Sidus  by  six. 

The  satellites  are  distinguished  according  to  th^ir 
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places ;  into  first,  second,  &c. ;  the  first  being  that 
which  is  nearest  the  planet.  Tliey  revolve  round 
their  respective  primaries  in  elliptic  orbits,  the  pri- 
mary planets  being  in  the  focus. 

The  planes  of  the  orbits  of  the  secondary  planets 
produced,  intersect  the  lieliocentric  orbits  of  their 
primaries  in  two  opposite  points  ;  which  are  cali-ed 
their  nodes. 

Again,  the  planes  of  the  orbits  of  the  satellites  pro- 
duced, intersect  the  echptic  in  two  opposite  points, 
these  are  called  the  geocentric  nodes  of  the  satel- 
lites. 

The  orbits  of  Jupiter  s  satellites  are  nearly,  but  not 
exactly,  in  the  same  plane.  This  plane  produced 
makes  an  angle  of  about  3"  witli  Jupiter  s  orbit.  '1  he 
second  deviates  a  little  from  the  rest. 

I'he  orbits  of  Saturn's  satellites,  except  the  5th, 
which  deviates  from  the  rest  several  degrees,  are 
nearly  in  the  same  plane.  They  are  nearly  parallel 
to  the  plane  of  the  equator.  The  orbit  of  tlie  5th 
satellite  makes  an  angle  with  the  orbits  of  its  primary 
of  13"  8'. 

The  system  of  Jupiter  and  his  satellites  is  very  large 
in  itself;  yet,  on  account  of  its  immense  distance 
from  us,  it  appears  to  occupy  but  a  small  space  in 
the  sphere  of  the  starry  heavens  ;  and,  consequently, 
<:very  satellite  of  Jupiter  appears  to  us  always  near 
i  ts  primary,  and  to  have  an  oscillatory  motion,  like 
that  of  a  pendulum  ;  going  aJternately  from  its 
^;reatest  digres^sion  on  one  side  the  planet^  to  itJ 
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greatest  on  the  other  ;  sometimes  in  a  straij^ht  line, 
at  others  in  an  elhptic?  curve. 

When  a  satehite  is  in  its  superior  semicircle,  or 
that  half  of  its  orbit  that  is  more  distant  from  the 
earth,  its  motion  appears  direct  to  us;  wlien  a  satel-- 
lite  is  in  its  inferior  semicircle,  nearest  to  the  earth, 
the  apparent  motion  of  it  is  retrograde.  Both  these 
motions  seem  quickest,  wlien  the  satelhte  is  nearest 
the  centre  of  the  primary,  and  slower  when  they  are 
more  distant ;  at  the  greatest  distance  they  appear 
stationary,  for  a  short  time. 

The  satellites,  and  their  primaries,  mutually  echpse 
.each  other,  in  the  same  manner  in  which  it  has 
been  shewn  that  the  earth  and  the  moon  do.  But 
there  are  tliree  casfes  in  which  the  sateUites  disappear 
to  ns. 

The  one  is,  when  the  satellite  is  directly  beyond 
the  body  of  its  primary,  witli  respect  to  the  earth  ; 
this  is  called  an  occultatlnn  of  the  planet. 

Another  is,  when  it  is  directly  behind  its  primary, 
with  respect  to  the  sun,  and  so  falls  into  its  shadow, 
and  suffers  an  eclipse,  as  the  moon,  when  the  earth 
is  interj)osed  between  that  and  the  sun. 

The  last  is,  when  it  is  interposed  between  the  earth 
and  its  primary;  for  then  it  cannot  be  distinguished 
from  the  primary  itself. 

It  is  not  often  that  a  satellite  can  be  discovered 
upon  the  disc  of  Jupiter,  even  by  the  best  telescopes; 
excepting  at  its  first  entrance,  when,  by  reason  of  its 
being  more  direxitly  illuminated  by  the  rays  of  the 
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sun,  than  the  planet  itself,  it  appears  like  a  lucid 
spot  upon  it ;  sometimes,  however,  a  satellite  is  seen 
passing  over  the  disc  like  a  dark  spot ;  this  has  been 
attributed  to  spots  on  the  surface  of  the  satellite ;  and, 
that  the  more  probably,  as  the  satellitehas  been  known 
to  pass  over  the  disc,  at  one  time  as  a  dark  spot,  and 
at  another  time  to  be  so  luminous,  as  only  to  be  dis- 
tinguished from  the  planet  at  its  ingress  and  egress. 
The  beginning  and  endings  of  these  eclipses  are 
easily  seen  by  a  telescope,  when  the  planet  is  in  a 
proper  situation  ;  but  when  it  is  in  conjunction  with 
the  sun,  the  brightness  of  that  luminary  renders 
both  the  planet  and  satellite  invisible. 

By  observing  the  eclipses  of  Jupiter's  satellites,  it 
was  discovered,  that  light  is  not  propagated  instanta- 
neously, though  it  moves  with  an  incredible  velocity; 
so  that  light  reaches  from  the  sun  to  us  in  the  space 
of  eleven  minutes  of  time,  at  more  than  the  rate  of 
100,000  miles  in  a  second. 

The  orbits  of  all  the  satellites  of  Saturn,  except 
the  fifth,  are  nearly  in  the  same  plane,  which  plane 
makes  an  angle  with  that  of  Saturn's  orbit,  of  about 
31°;  this  inclination  is  so  great,  that  they  cannot 
pass  either  across  Saturn  or  behind  it,  with  respect 
to  the  earth,  except  when  they  are  very  near  their 
nodes  ;  so  that  their  eclipses  are  not  near  so  fre- 
quent as  those  of  Jupiter.  An  occultation  of  the 
fourtli,  behind  the  body  of  Saturn,  has  been  observed ; 
and  Cassini  once  saw  a  star  covered  by  the  fourth 
satellite,  so  that  for  1 3  minutes  they  appeared  as  one. 
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or  ECLIPSES. 


Those  phenomena,  that  are  termed  eclipses,  were, 
in  former  ages,  beheld  ^vith  terror  and  amazement, 
and  looked  npon  as  prodigies  that  portended  cala- 
mity and  misery  to  mankind.  These  fears,  and  the 
efronious  opinions  which  produced  them,  had  their 
source  in  the  hieroglyphical  language  of  the  first 
inhabitants  of  the  earth.  We  do  not,  however, 
imagine  that  even  the  most  ancient  of  these  knew 
any  more  of  the  laws  and  motions  of  the  heavenly 
bodies,  than  what  could  be  discovered  from  imme- 
diate sight ;  or,  that  they  knew  enough  of  the  lunar 
system  to  calculate  an  eclipse,  or  even  that  they 
ever  attempted  it. 

The  word  eclipse  is  derived  from  the  Greek,  and 
signifies  dereliction,  a  fainting  away  or  swooning. 
Now,  as  the  moon  falls  into  the  shadow  of  the  earth, 
and  is  deprived  of  the  sun's  enlivening  rays,  at  the 
time  of  her  greatest  brightness,  and  even  a])pears 
pale  and  languid  before  her  obscuration ;  lunar 
eclipses  were  called  liince  lahores,  the  struggles  or 
labours  of  the  moon  ;  to  relieve  her  from  these  ima- 
gined distresses,  superstition  adopted  methods  as 
impotent  as  they  were  absurd. 

When  the  moon,  by  passing  between  us  and  the 
sun,  deprived  the  earth  of  its  light  and  heat,  the  sua 
was  thought  to  turn  away  his  face,  as  if  in  abhorrence 
ofthe  crimes  of  mankind,  and  to  threaten  everlastiAg 
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night  and  destruction  to  the  world.  But,  thanks  to 
the  advancement  of  science,  which,  while  it  has  deli- 
vered us  from  the  foolish  fears  and  idle  apprehensions 
of  the  ancients,  leaves  us  in  possession  of  their  repre- 
sentative knowledge,  enables  us  to  explain  the  ap- 
pearances on  which  it  was  founded,  and  points  out 
the  perversion  and  abuse  of  it. 

Any  opake  body,  that  is  exposed  to  the  light  of 
the  sun,  will  cast  a  shadow  behind  it.  This  shadow 
is  a  space  deprived  of  light,  into  which,  if  another 
body  comes,  it  cannot  be  seen  for  want  of  light ; 
the  body  thus  falling  within  the  shadow,  is  said  to 
be  eclipsed. 

The  earth  and  moon  being  opake  bodies,  and  de- 
riving their  light  from  the  sun,  do  each  of  them  cast 
a  shadow  behind,  or  towards  the  hemisphere  opposed 
to  the  sun.  Now,  when  either  the  moon  or  the  earth 
passes  through  the  other's  shadow,  it  is  thereby  de- 
prived of  illumination  from  the  sun,  and  becomes  in- 
visible to  a  spectator  on  the  body  from  whence  the 
shadow  comes ;  and  such  spectator  will  obsen^e  an 
eclipse  of  the  body  which  is  passing  through  the 
shadow ;  while  a  spectator  on  the  body  which  passes 
through  the  shadow,  will  observe  an  eclipse  of  the 
sun,  being  deprived  of  his  light. 

Hence  there  nmst  be  three  bodies  concerned  in  an 
eclipse  ;  1.  the  luminous  body  ;  2.  the  opake  body 
that  casts  the  shadow;  and,  3.  the  bodv  involved  in 
the  «hadow. 
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As  the  earth  is  an  opake  body,  enhghtened  by  the 
sun,  it  will  cast  a  shadow  towards  those  parts  that 
are  opposite  to  the  sun  ;  and  the  .axis  of  this  shadow 
will  always  be  in  the  plane  of  the  ecliptic,  because 
both  the  sun  and  tlie  earth  are  always  there. 

The  sun  and  the  earth  are  both  spherical  bodies  ; 
if  they  were,  therefore,  of  an  equal  size,  the  shadow 
of  the  earth  would  be  cylindrical,  as  in  plate  S,^g.  5 ; 
and  would  continue  of  the  same  breadth  at  all  dis- 
tances from  the  earth  ;  and  would,  consequently,  ex- 
tend to  an  infinite  distance,  so  that  Mars,  Jupiter, 
or  Saturn,  might  be  eclipsed  by  it;  but,  as  the  planets 
are  never  eclipsed  by  the  earth,  this  is  not  the  shape 
of  the  shadow ;  and,  consequently,  the  earth  is  not 
equal  in  size  to  the  sun. 

If  the  sun  were  less  than  the  earth,  the  shadow 
would  be  wider  the  farther  it  was  from  the  earth,  see 
plate  S,^g.  6  ;  and  would,  therefore,  reach  to  the 
orbits  of  Jupiter  and  Saturn,  and  eclipse  any  of  these 
planets  when  the  earth  caine  between  the  sun  and 
them ;  but  the  earth  never  eclipses  them,  therefore 
this  is  not  the  shape  of  its  shadow ;  and,  consequently, 
the  sun  is  not  less  than  the  earth. 

As  we  have  proved  that  the  earth  is  neither  larger 
nor  equal  to  the  sun,  we  may  fairly  conclude  that  it 
is  less  ;  and,  that  the  shadow  of  the  earth  is  a  cone, 
which  ends  in  a  point  at  some  distance  from  the 
earth,  see  plate  8,  ^g.  7. 
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The  axis  of  the  earth's  sliadow  falls  always  upon 
that  point  of  the  ecliptic  tliat  is  opposite  to  the  sun's 
geocentric  place  ;  tlius,  if  the  sun  be  in  the  first  point 
of  Aries,  the  axis  of  the  earth's  shadow  will  termi- 
nate in  the  first  point  of  Libra.  It  is  clear,  therefore, 
that  there  can  he  no  eclipse  of  the  mom  hut  when 
the  earth  is  interposed  hetween  it  and  the  sun  ;  that 
is,  at  the  time  of  its  opposition,  or  when  it  is  full; 
for,  unless  it  is  opposite  to  the  sun,  it  never  can  be  in 
the  earth's  shadow  :  and,  if  the  moon  did  always 
move  in  the  plane  of  the  ecliptic,  she  would,  every 
full-moon,  pass  through  the  body  of  the  shadow,  and 
then  it  would  be  a  total  eclipse  of  the  moon. 

We  have  already  observed,  that  the  moon's  orbit  is 
inclined  to  the  plane  of  the  ecliptic,  and  only  coin- 
cides with  it  in  two  places,  which  are  termed  the 
nodes.  It  may,  therefore,  be  full-moon*  without  her 
being  in  the  plane  of  the  ecliptic ;  she  may  be  either 
on  the  north  or  the  south  side  of  it ;  in  either  of 
these  cases  she  will  not  enter  into  the  shadow,  but 
be  above  it  in  the  one,  and  below  it  in  the  other. 

To  illustrate  this,  let  HG,  plate  \0,  Jig.  1,  re- 
present the  orbit  of  the  moon  ;  EF  the  plane  of  the 
ecliptic,  in  which  the  centre  of  the  earth's  shadow 
always  moves  ;  and  N  the  node  of  the  moon's  orbit ; 
ABCD  four  places  of  the  shadow  of  the  earth  in 

*  A  planet  may  be  in  opposition  to,  or  conjahction  with,  the 
stin,  M  ithout  being  in  a  right  line  that  i;asses  through  tjie  sun  and 
the  earth.  Astronomers  term  it  in  conjunction  with  the  sun,  if  it 
be  rn  the  same  part  of  the  zodiac ;  in  opposition,  if  it  be  in  a  part 
of  the  zodiac,  180*  from  the  sun. 

I  3 
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the  ecliptic.  When  the  shadow  is  at  A,  and  t\w 
moon  at  I,  there  will  be  no  eclipse  ;  when  the  full 
inoon  is  nearer  the  node,  as  at  K,  only  part  of  her 
globe  passes  through  the  shadow,  and  that  part  be- 
coming dark,  it  is  called  a /?flr^itt/  eclipse;  and  it  is 
said  to  be  of  so  many  digits  as  there  are  twelfth  parts 
of  tbe  moons  diameter  darkened.  When  the  full- 
moon  is  at  M,  she  enters  into  the  shadow  C;  and, 
passing  through  it,  becomes  wholly  darkened  at  L, 
and  leaves  the  shadow  at  O  ;  as  the  whole  body  of  the 
moon  is  here  immersed  in  the  shade,  this  is  called  a 
total  eclipse;  but,  when  the  moons  centre  passes 
through  that  of  the  shadow,  which  can  only  happen 
when  she  is  in  the  node  at  N,  it  is  called  a  total  and 
central  eclipse.  There  will  always  be  such  eclipses, 
when  tlie  centre  of  the  moon  and  axis  of  the  shadow 
meet  in  the  nodes, 

The  duration  of  a  central  eclipse  is  so  long,  as  to 
let  the  moon  go  tlie  length  of  three  of  its  diameters 
totally  eclipsed,  which  stay  in  the  earth's  shadow,  is 
computed  to  be  about  four  hours;  whereof  the 
moon  takes  one  hour,  from  its  beginning,  to  enter 
the  shadow,  till  quite  immersed  therein  ;  two  houcs 
more  she  continues  totally  dark  ;  and  the  fourth  hour 
is  taken  up  from  her  first  beginning  to  come  out  of 
the  shadow,  till  she  is  quite  out  of  it. 

In  the  beginning  of  an  eclipse,  the  moon  enters 
the  western  part  of  the  shadow  with  the  eastern 
part  of  her  limb ;  and,  in  the  end  of  it,  she  leaves 
the  eastern  part  of  the  shadow  with  the  western 
part  of  her  limb.     All  the  intermediate  time,  from 
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her  entrance  to  her  quitting  the  shadow,  is  reckoned 
into  the  ecHpse ;  but  only  so  much  into  the  total 
immersion,  as  passes  while  the  moon  is  altogether 
obscured. 

From  the  magnitude  of  tlie  sun,  the  size  of  the 
earth,  their  distance  from  each  other,  the  refraction 
of  the  atmosphere,  and  the  distance  of  the  moon 
from  the  earth,  it  has  been  calculated  that  the 
shadow  of  the  earth  terminates  in  a  point,  which 
does  not  reach  so  far  as  the  moon^&  orbit.  The 
moon,  is  not,  therefore,  eclipsed  by  the  shadow  of 
the  earth  alone.  The  atmosphere,  by  refracting 
some  of  the  rays  of  the  sun,  and  reflecting  others, 
cast  a  shadow,  though  not  so  dark  a  one  as  that 
Jivhich  arises  from  an  opake  body  :  when,  therefore, 
we  say  that  the  moon  is  echpsed,  by  passing  into 
the  shadow  of  the  earth,  it  is  to  be  understood  of 
the  shadow  of  the  earth,  together  with  its  atmos- 
phere. Hence  it  is  that  the  moon  is  visible  in  eclipses, 
the  shadow  cast  by  the  atmosphere  not  being  so 
dark  as  that  cast  by  the  earth.  The  cone  of  this 
shadow  is  laro-er  than  the  cone  of  the  earth's  sha- 
dow,  the  base  thereof  broader,  the  axis  longer. 
There  have  been  eclipses  of  the  moon,  in  which  the 
moon  has  entirely  disappeared  :  Hevelius  mentions 
one  of  this  kind,  which  happened  in  August  1547, 
when  he  was  not  able  to  distinguish  the  place  of  the 
moon,  even  with  a  good  telescope,  although  the  sky 
was  sufficiently  clear  for  him  to  see  the  stars  of  the 
fifth  magnitude. 

All  opake  bodies,  when  illuminated  by  the  rays 
J   4 
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of  the  sun,  cast  a  shadow  from  them,  which  is  en- 
compassed by  2i  penumbra,  or  thinner  shadow,  which 
every  where  surrounds  the  former,  growing  larger 
and  larger  as  we  recede  from  the  body:  in  other 
words,  the  penumbra  is  all  that  space  surrounding 
the  shadow,  into  which  the  rays  of  light  can  only 
come,  from  some  part  of  that  half  of  the  globe  of  the 
sun  which  is  turned  towards  the  planet,  all  the  rest 
being  intercepted  by  the  intervening  body. 

Let  S,  plate  10,  Jig,  2,  be  the  sun  ;  E  the  planet; 
then  the  penumbral  cone  is  FGH.  The  nearer 
any  part  of  the  penumbra  is  to  the  shadow,  the  less 
light  it  receives  from  the  sun ;  but  the  further  it  is, 
the  more  it  is  enlightened  ;  thus  the  parts  of  the 
penumbra,  near  M,  are  illuminated  by  those  rays  of 
light  which  come  from  that  part  of  the  sun  near  to  I, 
all  the  rest  being  intercepted  by  the  planet  E.  In 
like  manner,  the  parts  about  N  can  only  receive  the 
light  that  comes  from  the  part  of  the  sun  near  to  L ; 
whereas  the  parts  of  the  penumbra  at  P  and  Q  are 
enlightened  in  a  much  greater  degree:  for  the  planet 
intercepts  from  P  only  those  rays  which  come  from 
the  sun  near  L,  and  hides  from  Q  only  a  small  part 
of  the  sun  near  I. 

The  moon  passes  through  the  penumbra  before 
she  enters  into  the  shadow  of  the  atmosphere.  This 
causes  her  gradually  to  lose  her  light,  which  is  not 
sensible  at  first ;  but  as  she  goes  into  the  darker  part 
of  the  penumbra,  she  grows  paler.  The  penumbra, 
where  it  is  contiguous  to  the  shadow,  is  so  dark,  that 
it  is  difficult  to  distinguish  one  from  the  other.     If 
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the  atmosphere  be  serene,  every  eclipse  of  the  moon 
is  visible  at  the  same  instant  to  all  the  inhabitants  of 
that  side  of  the  earth  to  which  he  is  opposite. 

The  moon  in  a  total  eclipse,  generally  appears  of 
a  dusky  reddish  colour,  especially  towards  the  edges ; 
but  of  a  darker  towards  the  middle  of  the  shadow. 


OF    ECLIPSES    OF   THE    SUN. 

The  moon,  when  in  conjunction,  if  near  one  of 
her  nodes,  will  be  interposed  between  us  and  the 
sun,  and  will  consequently  hide  the  sun,  or  a  part 
of  him,  from  us,  and  cast  a  shadow  upon  the  earth  : 
this  is  called  an  eclipse  of  the  sun  ;  it  may  be  either 
partial  or  total. 

An  eclipse  of  any  lucid  body  is  a  deficiency  or  di- 
minution of  light,  which  would  otherwise  come  from 
it  to  our  eye,  and  is  caused  by  the  interposition  of 
some  opake  body. 

The  eclipses  of  the  sun  and  moon,  though  ex- 
pressed by  the  same  word,  are  in  nature  very  dif- 
ferent ;  the  sun,  in  reality,  loses  nothing  of  its 
native  lustre  in  the  greatest  eclipses,  but  is  all  the 
while  incessantly  sending  forth  streams  of  light  every 
way  round  him,  as  copiously  as  before.  Some  of 
these  streams  are,  however,  intercepted  in  their 
way  towards  our  earth,  by  the  moon  coming  be- 
tween the  earth  and  the  sun:  and  the  moon  having 
no  light  of  her  own,  and  receiving  none  from  the  sun 
on  that  half  of  the  globe  which  is  towards  our  eye. 
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nnist  ap])ear  dark,  and  make  so  much  of  the  sun*s  di:?c 
appear  50,  a?  is  hid  from  us  by  her  interposition. 

What  is  called  an  echpse  of  the  sun,  is,  therefore, 
in  reahty,  an  ech])5e  of  the  earth,  \vhich  is  deprived 
g(  the  sun's  Hj^ht,  by  the  moon's  coming  between, 
and  casting  a  shadow  upon  it.  The  earth  being  a 
globe,  only  that  half  of  it,  which  at  any  time  is 
-turned  towards  the  sun,  can  be  enlightened  by  him 
at  that  time ;  it  is  upon  some  part  of  this  enlightened 
half  of  the  earth,  that  tlie  moon  s  shadow,  or  pe- 
numbra, falls  in  a  solar  eclipse. 

The  sun  is  always  in  the  plane  of  the  ecliptic;  but 
the  moon  being  inclined  to  this  plane,  and  only  co- 
inciding with  it  at  the  nodes,  it  will  not  cover  either 
the  whole  or  a  part  of  the  sun  ;  or,  in  other  words, 
the  sun  will  not  be  eclipsed,  unless  the  moon  at  that 
time  is  in  or  near  one  of  her  nodes. 

The  moon,  however,  cannot  be  directly  between 
the  sun  and  us,  unless  they  are  both  in  the  same  part 
of  the  heavens  ;  that  is,  unless  they  are  in  conjunc- 
tion. Therefore,  the  sun  can  never  be  eclijjsed 
but  at  the  new-moon,  nor  even  then,  unless  the 
moon  at  that  time  is  in  or  near  one  of  her  nodes. 

From  hence  it  is  easy  to  shew,  that  the  darkness 
fif  our  Saviours  crucifixion,  ivas  not  owing  to  an 
eclipse  of  the  sun.  For  the  crucifixion  happened  at 
the  time  of  the  Jewish  passover,  and  the  passover, 
by  the  appointment  of  the  law,  was  to  be  celebrated 
at  the  full-moon  ;  the  sun  could  not,  therefore,  be 
eclipsed  at  the  time  of  the  passover.  An  intelligent 
tutor  will  find  many  opportunities  of  observing  to  his 
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pupil,  tliat  nature,  and  philosophy  which  explains 
the  phenoniena  of  nature,  do  ahvays  agree  with  di- 
vine revelation. 

The  moon  being  much  smaller  than  the  earth,  and 
liaving  a  conical  shadow,  because  she  is  less  than 
the  sun,  can  only  cover  a  small  part  of  the  earth  by 
her  shadow ;  though,  as  we  have  observed  before, 
the  w'liole  body  of  the  moon  may  be  involved  in 
that  of  the  earth.  Hence  an  eclipse  of  the  sun  is 
visible  but  to  a  few  inhabitants  of  the  earth  ;  whereas 
an  ecli])se  of  the  moon  may  be  seen  by  all  those 
that  are  on  that  hemisphere  which  is  turned  towards 
it.  In  other  words,  as  the  moon  can  never  totally 
eclipse  the  earth,  there  will  be  many  parts  of  tlie 
globe  that  will  suffer  no  eclipse,  though  the  sun  be 
above  their  horizon. 

An  eclipse  of  the  sun  always  begins  on  the  west- 
ern, and  ends  on  the  eastern  side ;  because  the  moon 
moving  in  her  orbit  from  wc-it  to  east,  necessarily 
first  arrives  at  and  touches  the  sun's  western  limb, 
and  goes  off  at  the  eastern. 

It  is  not  necessary,  in  order  to  constitute  a  central 
eclipse  of  the  sun,  that  the  moon  should  be  exactly 
in  the  line  of  the  nodes,  at  the  time  of  its  conjunc- 
tion ;  for  it  is  sufficient  to  denominate  an  eclipse  of 
the  sun  central,  that  the  centre  of  the  moon  be 
directly  between  the  centre  of  the  sun,  and  the  eye 
of  the  spectator ;  for  to  him,  the  sun  is  then  cen- 
trally eclipsed.  But  as  the  shadow  of  the  moon  can 
cover  but  a  small  portion  of  the  earth,  it  is  obvious 
this  may  happen  when  the  moon  is  not  in  one  of  her 
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nodes.  Further,  the  sun  may  be  edipsed  centrally, 
totallV)  partially,  and  not  at  all,  at  the  same  time. 

A  total  eclipse  of  the  slm  is  a  very  curious  spec- 
tacle :  Clavius  says  that,  in  that  which  he  observed 
in  Portugal,  in  1 650,  the  obscurity  was  greater,  or 
more  sensible  than  that  of  the  night :  the  largest 
stars  made  their  appearance  for  about  a  minute  or 
two,  and  the  birds  were  so  terrified,  that  they  fell  to 
the  ground. 

Thus,  in  plate  10,  Jig,  3  ;  let  ABC  be  the  sun  ; 
MN  tlie  moon  ;  hlg  part  of  the  cone  of  the  moon's 
shadow ;  fd  the  penumbra  of  the  moon  :  from  this 
figure  it  is  easy  to  perceive, 

1 .  That  those  parts  of  the  earth  that  are  within  the 
circle  represented  by  gh,  are  covered  by  the  shadow 
of  the  moon,  so  that  no  rays  can  come  from  any  pa  it 
of  the  sun  into  that  circle,  on  account  of  the  inter- 
position of  the  moon. 

2.  In  those  parts  of  the  earth  where  the  penumbra 
falls,  only  part  of  the  sun  is  visible ;  thus,  between  d 
and  g,  the  parts  of  the  sun  near  C  cannot  be  seen, 
the  rays  coming  from  thence  towards  d  or  g  being 
intercepted  by  the  moon  ;  wherea*;,  at  the  same  time, 
the  parts  between  /  and  h  are  illuminated  by  rays 
coming  from  C,  but  are  deprived  by  the  moon  of 
such  as  come  from  A. 

5.  The  nearer  any  part  of  the  earth,  within  the 
penumbra,  is  to  the  shadow  of  the  moon,  as  in  places 
nearg,  /,  or  h,  the  less  portion  of  the  sun  is  visible  to 
its  inhabitants  ;  the  nearer  it  is  to  the  outside  of  the 
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penumbra,  as  towards  d,  e,  or/,  the  greater  portion 
of  the  sun  may  be  seen. 

4.     Out  of  the  penumbra,  the  entire  disc  of  the 
sun  is  visible. 


OF  THE    LIMITS    OF    SOLAR   AND    LUNAR 
ECLIPSES. 

The  distance  of  the  moon,  in  degrees  and  minutes, 
above  or  below  the  ecHptic  line,  is  called  her  latitude. 
If  she  be  above  the  ecliptic,  she  is  said  to  have  north; 
if  below  it,  south  latitude. 

If  the  latitude  at  any  time  exceed  the  sum  of  the 
semidiameter  of  the  moon,  equal  to  l6^  min.  and 
the  earth's  shadow  equal  to  45:^  minutes,  the  moon 
at  that  time  cannot  be  eclipsed  ;  but  will  either  pass 
under  or  over  the  shadow,  according  as  she  happens 
to  be  above  or  below  the  ecliptic  line. 

Tlie  distance  from  the  node,  either  before  or 
after  it,  corresponding  to  the  above  extent,  is  about 
1 2  degrees,  which  is  consequently  the  limit  of  lunar 
eclipses :  for  when  a  full-moon  happens  within 
12  degrees  of  the  nodes,  she  will  be  eclipsed ; 
and  the  nearer  to  the  nodes,  the  greater  will  the 
eclipse  be. 

If  at  the  new^-moon,  the  latitude  exceeds  the  sum 
of  the  semidiameters  of  the  sun  l6^  minutes,  and  of 
the  moon  l6|.  minutes,  we  should  see  no  eclipse  of 
the  sun  from  the  centre  of  the  earth.  But  as  we 
view  the  luminaries  from  the  surface^  which  is  much 
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higher,  we  are  obliged  to  take  in  the  semidiaineter 
of  the  earth  as  seen  from  the  moon,  Then,  if  the 
latitude  of  the  moon  be  greater  than  the  sum  of 
these  three  numbers,  ^4^  minutes,  the  sun  will  not 
be  eclipsed ;  for  the  moon  will  -pass  either  over  or 
under  his  disc,  according  as  she  is  above  or  below 
the  ecliptic  line.  The  distance  from  the  node  on 
either  side  agreeing  to  the  above-mentioned  extent, 
is  the  1 8  degrees,  which  is  the  utmost  limit  of  solar 
eclipses  p  whence  it  follows,  that  if  the  sun  and  moon, 
at  the  time  of  new-moon,  hap])en  to  be  within  1 R 
degrees  of  the  node  the  sun  will  be  eclipsed. 
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If  the  places  of  the  moon's  nodes  were  fixed, 
eclipses  would  always  happen  nearly  at  the  same 
time  of  the  year ;  but  as  they  have  a  motion  of 
about  3  min.  1 1  sec.  every  day  backwards,  or  con- 
trary to  the  order  of  the  signs,  the  succeeding 
eclipse  must  recede  likewise;  and  iii  one  revolu- 
tion of  the  nodes,  which  is  completed  in  1 8  years, 
224  days,  3  hours,  they  will  revolve  in  a  retrograde 
manner  through  the  year,  and  return  to  the  same 
places  again. 

But  there  is  a  more  correct  period,  called  the 
Chaldean  Saros,  which  is  18  years,  11  days,  7 
hours,  43  min. ;  for,  in  that  time,  the  sun  and  moon 
advance  just  as  far  beyond  a  complete  direct  re- 
volution in  the  ecli])tic,  as  the  nodes  want  of  com- 
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pleting  their  retrograde  one :  consequently,  as  the 
sun  and  moon  meet  the  nodes  at  the  end  of  that  pe- 
riod, the  same  solar  and  lunar  aspects,  which  hap- 
pened 1 8  years,  1 1  days,  7  hours,  43  minutes  ago, 
will  return,  and  produce  eclipses  of  both  luminaries, 
for  many  ages,  the  same  as  before. 

Of  ancient  astronomical  observations  much  has 
been  said,  with  very  little  foundation,  by  many  mo- 
dern writers :  the  oldest  eclipses  of  the  moon  that 
Hipparchis  could  make  any  use  of,  went  no  higher 
than  the  year  before  Christ  72 1.  Whatever  obser- 
vations, therefore,  the  Chaldeans  had  before  this, 
were  probably  very  rude  and  imperfect*. 


OF  PARALLAX  AND  REFRACTIO?:. 

Astronomy  is  subject  to  many  difficulties,  besides 
those  which  are  obvious  to  eveiy  eye.  When  we 
,look  at  any  star  in  the  heavens,  we  do  not  see  it  in 
its  real  place;  the  rays  coming  from  it,  when  they 
pass  out  of  the  purer  ethereal  medium,  into  our 
coarser  and  more  dense  atmosphere,  are  refracted, 
or  bent  in  such  a  manner,  as  to  shew  the  star  higher 
than  it  really  is.  Hence,  we  see  all  the  stars  before 
they  rise,  and  after  they  set ;  and  never,  perhaps,  see 
any  one  in  its  true  place  in  the  heavens.  There  is 
another  difference  in  the  apparent  situation  of  the 
heavenly  bodies,  which  arises  from  th<^  stations  in 
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which  ail  observer  views  them.     This  diflereiue  In 
situation  is  called  the  parallax  of  an  object. 


OF    TAllAI^LAX. 

Tlie  parallax  of  any  object  is  the  difierence  be- 
tween the  places  that  the  object  is  referred  to  in  the 
celestial  sphere,  when  seen  at  the  same  time  from 
two  different  places  within  that  sphere.  Or,  it  is 
the  angle  under  w  hich  any  two  places  In  the  inferior 
orbits  are  seen  from  a  superior  planet,  or  even  the 
fixed  stars. 

The  parallaxes  principally  used  by  astronomers, 
are  those  which  arise  from  considering  the  object 
as  viewed  from  the  centres  of  the  earth  and  the  sun, 
from  the  surface  and  centre  of  the  earth,  and  from 
all  three  compounded. 

The  difference  between  the  place  of  a  planet,  as 
seen  from  the  sun,  and  tlic  same  as  seen  from  the 
earth,  is  called  the  parallax  of  the  annual  orbit ;  in 
other  words,  the  angle  at  any  planet,  subtended  be- 
tween the  sun  and  the  earth,  is  called  the  parallax 
of  the  earth's,  or  annual  orbit. 

The  diurnal  parallax  is  the  change  of  the  apparent 
place  of  a  fixed  star,  or  planet,  of  any  celestial  body, 
arising  from  its  being  viewed  on  the  surface,  or  from 
the  centre  of  the  earth. 

The  annual  parallax  of  all  the  planets  is  very  consi- 
derable, but  that  of  the  fixed  stars  is  impercejAible. 

The  fixed    stars  have  no  diurnal  parallax;  the 
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moon,   a  considerable  one ;  that  of  the  planets  is 
greater  or  less,  according  to  their  distances. 

To  explain  the  parallaxes,  with  respect  to  the  earth 
only,  let  HSW,  plate  7,  Jig-  2,  represent  the  earth  ; 
T,  the  centre  thereof;  ORG,  part  of  the  moons 
orbit ;  Pr^,  part  of  a  planet's  orbit ;  ZaA,  part 
of  the  starry  heavens.  Now,  to  a  spectator  at  S, 
upon  the  surface  of  the  earth,  let  the  moon  appear 
in  G ;  that  is,  in  the  sensible  horizon  of  S,  and  it 
will  be  referred  to  A ;  but  if  viewed  from  the  centre 
T,  it  will  be  referred  to  the  point  D,  which  is  its 
true  place. 

The  arc,  AD,  will  be  the  moon's  parallax ;  the 
angle,  SGT,  the  parallactic  angle  ;  or  the  parallax 
is  expressed  by  the  angle  under  which  the  semi- 
diameter  TS  of  the  earth  is  seen  from  the  moon. 

If  the  parallax  be  considered  with  respect  to 
different  planets,  it  will  be  greater  or  less  as  those 
objects  are  more  or  less  distant  from  the  earth ; 
thus  the  parallax  AD  of  G  is  greater  than  the  parallax 
\d  of  g. 

If  it  be  considered  with  respect  to  the  same  planet, 
it  is  evident  that  the  horizontal  parallax,  or  the  pa- 
rallax when  the  object  is  in  the  horizon,  is  greatest 
of  all,  and  diminishes  gradually,  as  the  body  rise^ 
above  the  horizon,  until  it  comes  to  the  zenith, 
where  the  parallax  vanishes,  or  becomes  equal  to 
nothing.  Thus  AD  and  Ac?,  the  horizontal  parallaxes^ 
of  G  and  gf  are  greater  than  aB  and  ab,  the  parallaxes 
of  R  and  r  ;  but  the  objects  O  and  P,  seen  from  S  <^ 
T,  appear  in^  the  same  plac^  Z;  ox  th^  zenith. 
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By  knowing  the  parallax  of  any  celestial  object, 
its  distance  from  the  centre  of  the  earth  may  be 
easily  o])taine(l  by  trigonometry.  Tims,  if  the  dis- 
tance of  G  from  T  be  sought  in  the  triangle  STG, 
ST  being  known,  and  the  angle  SOT  determined  by 
observation,  the  side  TG  is  thence  known. 

Tlie  parallax  of  the  moon  may  be  determined  by 
two  persons  observing  her  from  different  stations  at 
the  same  time ;  she  being  vertical  to  the  one  and 
horizontal  to  the  other.  It  is  generally  concluded 
to  be  about  57  . 

But  the  parallax  most  wanted  is  that  of  the  sun, 
whereby  his  absolute  distance  from  the  earth  is 
known  ;  and  hence  the  absolute  distances  of  all  the 
other  planets  would  be  also  known,  from  the  second 
Keplerian  law.  But  the  parallax  of  the  sun,  or  the 
anijle  under  which  the  semidiameter  of  the  earth 
would  appear  at  that  distance,  is  so  exceeding  small, 
that  a  mistake  of  a  second  will  cause  an  error  of 
several  milliofis  of  miles. 


OF    REFRACTION. 

As  one  of  tlie  principal  objects  of  astronomy  is  to 
fix  the  situation  of  the  several  heavenly  bodies,  it  is 
necessary,  as  a  first  step,  to  understand  the  causes 
which  occasion  a  false  aj)pearance  of  the  place  of 
those  objects,  and  make  us  suppose  them  in  a  dif- 
ferent situation  from  that  which  they  really  have. 
Among  these  causes,  rcfrocfion  is  to  be  reckoned. 
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By  this  term  is  meant  the  beiuling  of  the  rays  of 
light,  as  they  pass  out  of  one  medium  into  another. 

The  earth  is  every  where  surrounded  bylln  hete- 
rogeneous fluid,  a  mixture  of  air,  vapour,  and  ter- 
restrial exhalations,  that  extend  to  the  regions  of  the 
sky.  The  rays  of  light  from  the  sun,  moon,  and 
stars,  in  passing  to  a  spectator  upon  eartii,  come 
through  this  medium,  and  are  so  refracted  in  their 
passage  through  it,  that  their  apparent  altitude  is 
greater  than  their  true  altitude. 

Let  AC,  plate  *J,  Jig.  3,  represent  the  surface  of 
the  earth  ;  T,  its  centre  ;  BP,  a  part  of  the  atmo- 
sphere ;  HEK,  the  sphere  of  the  fixed  stars  ;  AF, 
the  sensible  horizon ;  G,  planet ;  GD,  a  ray  of 
light  proceeding  from  the  planet  to  D,  where  it 
enters  our  atmosphere,  and  is  refracted  towards  the 
line  DT,  which  is  perpendicular  to  the  surface  of 
the  atmosphere  ;  and  as  the  upper  air  is  rarer  than 
that  near  the  earth,  the  ray  is  continually  entering 
a  denser  medium,  and  is  every  moment  bent  to- 
w^ards  T,  which  causes  it  to  describe  a  curve,  as  DA, 
and  to  enter  a  spectator's  eye  at  A,  as  if  it  came  from 
E,  a  point  above  G.  And  as  an  object  always  ap- 
pears in  that  line  in  which  it  enters  the  eye,  the 
planet  will  appear  at  E,  higher  than  its  true  place^ 
and  frequently  above  the  horizon  AF,  when  its  true 
place  is  below  it,  at  G. 

This  refraction  is  greatest  at  the  horizon,  and  de- 
creases very  fast  as  the  altitude  increases,  insomuch 
that  the  refraction  at  the  horizon  differs  from  the  re- 
fraction at  a  very  few  degrees  above  the  horizon,  by 

K2  ,       > 


148  OF    REFRACTION. 

about  one-third  part  of  the  whole  quantity.  At  the 
horizon,  in  this  climate,  it  is  found  to  be  about  33', 
In  climates  neater  to  the  equator,  where  the  air  is 
purer,  the  refraction  is  less ;  and  in  the  colder  cli- 
mates, nearer  to  the  pole,  it  increases  exceedingly  ; 
and,  is  a  happy  provision  for  lengthening  the  ap- 
pearance of  the  light,  at  those  regions  so  remote 
from  the  sun.  Gassendtts  relates  that,  some  Hol- 
landers who  wintered  in  Nova  Zembla,  in  lat.  76°j 
were  surprized  with  a  sight  of  the  sun  seventeen  days 
before  they  expected  him  in  the  horizon.  This 
difference  was  owing  to  the  refraction  of  the  atmo- 
sphere in  that  latitude.  To  the  same  cause,  together 
with  the  peculiar  obliquity  of  the  moon*s  orbit  to 
the  ecliptic,  some  of  these  veiy  northern  regions  are 
indebted  for  an  uninterrupted  light  from  the  moon, 
much  more  than  half  the  month  ;  and,  sometimes, 
almost  as  long  as  it  is  capable  of  affording  any  light 
to  other  parts  of  the  earth. 

Through  this  refraction,  we  are  favoured  with  the 
sight  of  the  sun  about  three  minutes  and  a  quarter 
before  it  rises  above  the  horizon  ;  and  also  as  much 
every  evening  after  it  sets  below  it ;  which,  in  one 
year,  amounts  to  more  than  forty  hours. 

It  is  to  this  property  of  refraction  that  we  are  also 
indebted  for  that  enjoyment  of  light  from  the  sun, 
when  he  is  below  the  horizon,  which  produces  the 
morning  and  evening  twilight.  'Jlie  sun  s  rays,  in 
falling  upon  the  higher  part  of  the  atmosphere,  are 
reflected  back  to  our  eyes,  and  form  a  fnint  liglit, 
which  gradually  augments  till  it  becomes  day.     It  is 
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owing  to  this,  that  tlie  sun  illuminates  the  whole 
hemisphere  at  once :  deprived  of  tlie  atmosphere,  he 
would  have  yielded  no  light,  but  when  our  eyes 
were  directed  towards  him  ;  and  even  when  he  was 
in  meridian  splendor,  the  heavens  would  have  ap- 
peared dark,  and  as  full  of  stars  as  on  a  fine  winter  s 
night.  The  rays  of  light  would  have  come  to  us  in 
straight  lines  ;  the  appearance  and  disappearance  of 
the  sun  would  have  been  instantaneous  ;  we  should 
have  had  a  sudden  transition  from  the  brighest  sun- 
shine to  the  most  profound  darkness,  and  from  thick 
darkness  to  a  blaze  of  light.  Thus,  by  refraction,  we 
are  prepared  gradually  for  the  light  of  the  sun,  the 
duration  of  its  light  is  prolonged,  and  the  shades  of 
darkness  softened. 

To  it  we  miist  attribute  another  curious  pheno- 
menon, mentioned  by  Pliny ;  for  he  relates,  that 
the  moon  had  been  eclipsed  once  in  the  west,  at  the 
same  time  that  the  sun  appeared  above  the  horizon 
in  the  east.  Mcestlinus^  in  Kepler,  speaks  of  an- 
other instance  of  the  same  kind,  which  fell  under 
his  own  observation. 


OF  THE    FIXED    STARS. 

No  part  of  the  universe  gives  such  enlarged  ideas 
of  the  structure  and  magnificence  of  the  heavens, 
as  the  consideration  of  the  number,  magnitude,  and 
distance  of  the  fixed  stars.  We  admire,  indeed  with 
propriety,  the  vast  bulk  of  our  own  globe ;  but, 
when  we  consider  how  much  it  is  surpassed  by  most 
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of  the  heavenly  bodies,  what  a  point  it  degenerates 
into,  and  how  httle  more  even  the  vast  orbit  in 
which  it  revolves  would  appear,  when  seen  from 
some  of  the  fixed  stars,  we  begin  to  conceive  more 
just  ideas  of  the  extent  of  the  universe,  and  of  the 
boundaries  of  creation. 

The  most  conspicuous  and  brightest  of  the  fixed 
stars  of  our  horizon  is  Sirius.  The  earth,  in  moving 
round  the  sun, is  I.90  millions  of  miles  nearer  to  this 
star  in  on6  part  of  its  orbit,  than  in  the  ojjposite  ;  yet 
the  magnitude  of  the  star  does  not  appear  to  be  in 
the  least  aUered,  or  its  distance  affected  by  it ;  so 
that  the  distance  of  the  fixed  stars  is  great  beyond 
all  computation.  The  unbounded  space  appears 
filled,  at  proper  distances,  with  these  stars  ;  each  of 
which  is  probably  a  sun,  with  attendant  planets  roll- 
ing round  it.  In  this  view,  what  and  how  amazing, 
is  the  structure  of  the  universe  ! 

Though  the  fixed  stars  are  the  only  marks  by 
>\hich  astronomers  are  enabled  to  judge  of  tlie 
course  of  the  moveable  ones,  and  we  have  asserted 
their  relative  positions  do  not  vary;  yet  this  asser- 
tion must  be  confined  within  some  limits  ;  for  many 
of  them  are  found  to  undergo  particular  changes, 
and  perhaps  the  whole  are  liable  to  some  peculiar 
motion,  which  connects  them  with  the  universal 
system  of  created  nature.  Dr.  Herschel  even  goes 
so  far  as  to  suppose,  that  there  is  not)  in  strictness 
of  speaking,  one  fixed  star  in  the  heavens  ;  but  that 
there  is  a  general  motion  of  all  the  starr>^  systems; 
l^nd,  consequently,  of  the  solar  one,  among  the  rest. 
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There  are  some  stars,  whose  situation  and  place 
were  heretofore  knowifi  and  marked  with  precision, 
that  are  no  longer  to  be  seen ;  i^ew  ones  have  also 
been  discovered,  that  were  unknown  to  the  ancients, 
while  numbers  seem  gradually  to  vanish.  There  are 
others  which  ai*e  found  to  have  a  periodical  increase 
and  decrease  of  magnitude  ;  and  it  is  probable,  that 
the  instances  of  these  changes,  would  have  been  more 
numerous,  if  the  ancients  had  possessed  the  sanie 
accurate  means  of  examining  the  heavens  as  are  used 
at  present. 

New  stars  offer  to  the  mind  a  phenomenon  more 
surprising,  and  less  inexplicable,  than  almost  any 
other  in  the  science  of  astronomy.  I  shall  select  a 
few  instances  of  the  more  remarkable  ones,  for  tlie 
instruction  of  the  young  puj)il :  a  consideration  of 
the  changes  that  take  place,  at  so  imuiense  a  distance 
as  the  stars  are  known  to  be  from  him,  may  elevate 
his  mind  to  consider  the  immensity  of  his  power^ 
who  regulates  and  governs  all  these  wide  extended 
motions  ;  "  who  hath  measured  the  waters  in  the  hol- 
low of  his  hand,  and  meted  out  heaven  with  a  span/' 

It  was  a  new  star  discovered  by  HipparchuSy  the 
chief  of  the  ancient  astronomers,  that  induced  him 
to  compose  a  catalogue  of  the  fixetl  stai*s,  that  future 
observers  might  learn  from  his  labours,  whether  any 
of  the  known  stars  disappeared,  or  new  ones  were 
produced.  The  same  motives  engaged  the  illustrious 
Tycho  Brake,  to  form,  with  unremitting  labour  and 
assiduity,  another  new  catalogue  of  the  stars. 

Of  new  stars,  the  first  of  which  we  have  a  good 
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account,  is  that  which  was  discovered  in  the  con- 
stellation  Cassiopea,  in  the  month  of  November,  ot 
the  year  15/2  ;  a  time  when  astronomy  was  sufti- 
ciently  cultivated,  to  enable  the  astronomers  to  giv^: 
the  account  with  precision.  It  remained  visible 
about  sixteen  months ;  during  this  time,  it  kept  its 
phice  in  the  heavens,  without  the  least  variation.  It 
had  all  the  radiance  of  the  fixed  stars,  and  twinkled 
hke  them  ;  and  was,  in  all  respects,  like  Sirius,  ex- 
cepting that  it  surpassed  it  in  brightness  and  mag- 
nitude. It  appeared  larger  than  Jupiter,  who  was 
at  that  time  in  his  perigree;  and  was  scarce  less 
bright  than  Venus. 

It  was  not  by  degrees  that  it  acquired  this  dia- 
meter, but  shone  forth  at  once  of  its  full  size  and 
brightness,  as  if  of  instantaneous  creation.  It  con- 
tinued about  three  weeks  in  full  and  entire  splendor, 
during  which  time  it  might  be  seen  even  at  noon- 
day, by  those  who  had  good  eyes,  and  knew  where 
to  look  for  it.  Before  it  had  been  seen  a  month,  it 
became  visibly  smaller,  and  from  thence  continued 
diminishing  in  magnitude  till  March  15/4,  when 
it  entirely  disappeared.  As  it  decreased  in  size,  it 
varied  in  colour  ;  at  first,  its  light  was  white,  and 
extremely  bright ;  it  then  became  yellowish,  after- 
wards of  a  ruddy  colour,  like  Mars  ;  and  finished 
>vith  a  pale  livid  white,  resembling  that  of  Saturn. 

In  August  1596,  Fahrichis  observed  a  new  star  in 
the  neck  of  the  Whale.  In  1637,  Phoa/lUdes  IIol- 
warda  observed  it  again,  and,  not  knowing  that  it 
iiad  been  seen  before,  took  it  for  a  new  discovery : 
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he  watched  Its  ])hice  iia  the  heavens^  and  saw  it  ap- 
pear again  tlie  succeeding  year,  nine  months  after 
its  disa])pearance.  It  has  heen  since  found  to  be 
every  year  very  regular  in  its  period,  except  that  in 
l6j2  it  was  missed  by  Hevellus,  and  not  seen  again 
till  16/6.  Bidllaldiis  determined  the  periodical 
time  between  tliis  stars  ajjpearing  in  its  greatest 
brightness,  and  returning  to  it  again,  to  be  about 
333  days ;  observing  further,  that  this  star  did  not 
appear  at  once  in  its  full  magnitude  and  brightness, 
but  by  degrees  arrived  at  them. 

Three  changeable,  or  re-apparent  stars  have  been 
discovered  in  the  constellation  of  the  Swan  ;  the 
first  was  seen  by  Jansontus,  in  1  ()00  ;  the  second  was 
discovered  in  l6jO  ;  the  third  by  Kirchius,  in  l68(). 

In  the  latter  end  of  September,  1 604,  a  new  star 
was  discovered,  near  the  heel  of  the  right  foot  of 
Serpentarius.  Kepler,  in  describing  it,  says,  that 
it  was  precisely  round,  without  any  kind  of  iiair  or 
tail ;  that  it  was  exactly  like  one  of  the  stars,  ex- 
cept that  in  the  vividness  of  its  lustre,  and  the 
quickness  of  its  sparkling,  it  exceeded  any  thing  he 
had  ever  seen  before.  It  was  every  moment  chang- 
ing into  some  of  the  colours  of  the  rainbow,  as  yel- 
low, orange,  purple,  and  red ;  though  it  was  generally 
white,  when  it  was  at  some  distance  from  the  va- 
pours of  the  horizon.  Those  in  general  who  saw  it, 
agreed  that  it  was  larger  than  any  other  fixed  star, 
or  even  any  of  the  planets,  except  Venus  ;  it  pre- 
served its  lustre  and  size  for  about  three  weeks  ; 
from  this  time  it  grew  gradually  smaller.     Kepler 
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supposes  that  it  disappeared  some  time  between 
October,  }6o5,  and  the  February  following,  but  on 
what  day  is  uncertain. 

Besides  these  several  re-apparent  stars,  so  well 
characterized  and  established  by  the  earliest  among 
the  modern  astronomers,  there  have  been  many  dis- 
covered since,  by  Cassin'f,  Maraldl,  and  others ; 
Mr.  Montanere  speaks  of  having  observed  above  one 
hundred  changes  among  tlie  fixed  stars. 

The  star  Algol,  in  Merlusa  s  head,  has  been  ob- 
served long  since  to  apjjear  of  different  magnitudes, 
at  different  times.  The  period  of  it  has  been  lately 
settled  by  J.  Good  rich,  Esq.  of  York.  It  periodi- 
cally changes  from  the  first  to  the  fourth  magnitude : 
the  time  employed  from  one  greatest  diminution  to 
the  other,  was,  anno  17«S3,  at  a  mean  2  days,  20 
hours,  49  minutes,  3  seconds. 

The  causes  of  these  appearances  cannot  be  as- 
signed at  present,  \^  ith  any  degree  of  probability ; 
]^crhaps  they  have  some  analogy  to  the  spots  on  the 
sun,  which  at  some  times  appear  in  greater  numbers 
than  at  others,  some  of  them  bigger  than  the  whole 
earth ;  or  perhaps  they  are  owing  to  some  real  mo- 
tions of  the  stars  themselves. 

There  are  several  stars  that  appear  single  to  the 
naked  eye,  which  are,  on  examination  with  a  tele- 
scope, found  to  consist  of  two,  three,  &c.  The 
number  of  double  stars  observed  before  the  time  of 
Dr.  Ilerschel,  was  but  small  ;  but  this  celebrated 
astronomer  lias  noted  upwards  of  four  hundred  ; 
among  these,  some  that  are  double,  others  that  are 
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treble,  double  double,  quadruple,  double  treble, 
and  rpultij)le  ;  bis  catulooue  gives  the  comparative 
size  of  these  stars,  their  colour,  as  they  appeared  to 
hiui,  with  several  other  verv  cnrious  particulars. 

OF  NEHUL.12,   AND  OF    HERSCHEL's    IDEAS  RESPECTING 
THE  CONSTRUCTION  OF  THE  UNIVERSE. 

Besides,  those  appearances  of  the  fixed  stars,  al- 
ready noticed,  there  is  another  which  deserves  par- 
ticular attention  ;  namely,  the  jiehidfv,  or  parts  of  the 
heavens  which  appear  brighter  than  the  rest.  Tlie 
most  remarkable  among  these  is,  that  large  irre- 
gular zone,  or  band  of  whitish  light,  which  crosses 
the  ecliptic  in  Cancer  and  Capricorn,  and  is  in- 
clined thereto  in  an  angle  of  about  6*0  degrees  ;  it  is 
a  circle  bisecting  the  celestial  sphere,  irregular  in 
breadth  and  brightness,  and  in  many  places  divided 
into  double  streams.  The  principal  part  runs  through 
the  Eagle,  the  Stoan,  Cassiopea,  Per  seas,  and  Au- 
riga :  it  continues  its  course  by  the  head  of  Mono- 
ceros ;  along  by  the  greater  Dog,  through  the  Ship^ 
under  the  Centaur's  Feet;  till  having  passed  the 
J Itar, the  Scorpion's  7  ail,  and  the  Bow  of  Aquarius ^ 
it  ends  at  last  w^here  it  began. 

This  curious  appearance  is  owing  to  a  multitude 
of  small  stars,  which  are  too  minute  to  be  distin- 
guished by  the  naked  eye  ;  yet,  blending  their  light 
together,  form  that  whiteness  which  occupies  so  large 
a  tract  of  the   lieavens.     The   milky-way  may  be 
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considered  as  a  constellation  of  telescopic  stars ;  a 
sea  of  tiieni  of  great  breadth,  and  of  a  whitish  co- 
lonr,  encompassing  the  whole  heavens  ;  even  before 
astronomy  reajjed  any  benefit  from  improvements  in 
optics,  J)emocritu.s  considered  it  as  foiTied  of  clus- 
ters of  small  stars. 

Mr.  Herfschets  large  telescope  com])letely  resolved 
the  Vvhitish  appearance  of  the  milky-way  into  stars, 
ilavincr  viewed  and  g-aused  this  brifjht  zone  in  all 
directions,  he  found  it  composed  of  shining  stars, 
whose  number  increases  and  fliminishes  in  propor- 
tion to  its  apparent  brightness  to  the  naked  eye. 

The  portion  of  the  milky- way  that  he  first  ob- 
served. Was  that  abont  the  hand  and  club  of  Orion. 
Here  he  found  an  astonishing  multitude  of  stars, 
which  he  attempted  to  number.  By  estimating  the 
number  contained  in  the  field  of  his  telescope  at 
once,  and  computing,  from  a  mean  of  these,  how 
many  might  be  contained  in  a  given  portion  of  the 
mi!ky-way,  in  the  most  vacant  places,  about  that 
part,  he  found  63  stars ;  other  six  fields  contained 
110,  Go,  70,  90,  70,  and  T4  stars:  a  mean  of 
these,  gives  79  for  the  number  of  stars  in  each  field ; 
80  that,  allowing  1 5  mhnites  for  the  diameter  of  his 
field  of  view,  a  belt  of  fifteen  degrees  long,  and  two 
degrees  broad,  conld  not  contain  less  than  50,000 
stai*s,  large  enough  to  be  distinctly  numbered  ;  be- 
i^idcs  which,  he  suspected  twice  as  many  more,  which 
could  be  seen  only  now  and  then  by  faint  glimpses, 
for  want  of  sufficient  light. 

In  the  most  crowded  parts  of  the  milky- way,  he 
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has  bad  a  field  of  view  of  588  stars,  and  these  conti- 
nued for  many  minutes  ;  so  that,  in  one  quarter  of 
an  hour's  time,  not  less  than  116,000  stars  have 
passed  through  the  field  of  his  telescope.  He  endea- 
vours to  shew,  that  the  }>owers  of  his  telescope  are 
such,  tliat  it  will  not  only  reach  the  stars  at  497 
times  the  distance  of  Sirius,  so  as  to  distinguish 
them  ;  but  that  it  also  shews,  the  united  lustre  of  the 
accumulated  stars  that  compose  a  milky  nebulosity, 
at  a  far  greater  distance.  From  these  considerations, 
it  is  highly  probable,  that  as  his  twenty  feet  telescope 
does  not  shew  such  a  nebuIoEity  in  tbe  milky-wav,  it 
goes  already  far  be3'Ond  the  extent  thereof;  and 
therefore  a  more  powerful  instrument  v*'ouId  remove 
all  doubt,  by  exposing  a  milky  nebulosity  beyond  the 
stratum,  which  could  tlien  no  longer  be  mistaken  for 
the  dark  ground  of  the  heavens. 

To  a  spectator,  placed  in  indefinite  space,  all  very 
remote  objects  appear  to  be  equally  distant  from  the 
eye.  To  judge  of  the  milky-way,  oniy,'from  pheno* 
mena,  we  must,  of  course,  consider  it  as  a.  vast  ring 
of  stars,  scattered  promiscuously  round  the  celestial 
regions  ;  but  a  more  perfect  view  of  the  subject  will 
shew  us,  that  the  appearance,  &c.  of  this  beautiful 
object,  arise  from  our  eccentric  view.  Mr.  IFrighff 
in  his  "  Origiaal  Theory  of  the  Universe,  1750;" 
aijd  Dr.  Herschel,  since,  in  ^'  The  Philosophical 
Transactions,"  have  shewn,  that  this  appearance 
may  be  accounted  for,  by  assuming  its  figure  as 
much  more  e^ctended  towards  the  apparent  zoxie  of 
illumination,  than  in  any  other  <iirection. 
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Suppose,  says  Dr.  licrschel,  a  iiuiiiber  of  stiirS 
arrangtid  between  two  parallel  planes,  iiitinitely  ex- 
tended every  way,  but  at  a  given  considerable  dis- 
tance from  each  other ;  and  calHng  this  a  sidenal 
fstratum;  an  eye  phiced  sonievvliere  witliin  it,  will  see 
all  the  stars  in  the  directions  of  the  \Ac\n^'ij)r(>jected 
into  a  great  circle,  lucid  on  account  of  the  accumu- 
lation  of  stars ;  while  the  rest  of  the  heavens,  at  the 
sides,  will  only  seem  scattered  over  with  constella- 
tions, more  or  less  crowded,  according  to  the  dis- 
tance of  the  planes,  or  numbers  of  the  stars  contain- 
ed in  the  thickness  or  sides  of  the  stratum. 

If  the  eye  be  placed  without  the  stratum,  but  at 
no  very  great  distance,  the  aj)pearance  of  the  stais 
within  it  would  form  one  of  the  lesser  circles  of  the 
sphere,  which  would  be  more  or  less  contracted,  ac- 
cording to  the  distance  of  the  eye. 

He  considers  our  sun  as  placed  in  that  stratum  of 
stars  which  forms  our  milky-way,  and  as  not  far  from 
the  place  where  some  smaller  stratum  branches  out 
from  it.  Every  star  in  the  stratum  has  its  own  ga- 
laxy, only  with  such  variations,  in  form  and  lustre, 
as  may  arise  from  their  particular  situations. 

According  to  Dr.  Ilerschel,  the  universe  consists 
of  7iehulce,  or  immense  collections  of  innumerable 
stars,  each  individual  of  which  is  a  sun,  not  only 
equal,  but  much  superior  to  ours  :  yet  none  of  the 
ceU'stial  bodies,  in  our  system,  are  nearer  to  one 
aiiollier  than  we  are  to  Sirius,  who  is  supposed  t<>  be 
400,000  times  further  than  the  sun  from  us;  that 
i^.  thirty-eight  millicms  t.f  millions  of  miles.  'J  he  ex- 
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tent  of  the  nebuloB  is  such,  in  some  pliices,  tliat  the 
light  of  a  star,  placed  at  its  extreme  boundary,  sup- 
posing it  to  fly  with  the  velocity  of  twelve  millions 
of  miles  every  minute,  must  have  taken  near  3000 
years  to  reach  us. 

Not  content  with  these  conjectures,  our  indefati- 
gable astronomer  endeavours  to  trace  the  origin  of 
nebulous  stars,  and  gives  us  hints  concerning  their 
antiquity.  Supposing  some  to  have  a  greater  air  of 
vigour  than  others,  lie  attempts  to  shew  that  they 
are  at  distant  periods  separated  and  subdivided,  and 
even  decay.  These  compositions  and  decomposi- 
tions he  pretends  to  account  for,  and  points  out  some 
that  he  considers  as  having  sustained  greater  ravages 
of  time  than  others!  It  is  not  here  only,  that  even 
his  verv  conjectures  surpass  all  human  credulity  ;  for 
you  will  find  him  assigning  the  boundaries  of  the 
vast  periods  requisite  for  forming  nebula?,  and  ha- 
zarding conjectures  concerning  others^  as  if  they 
were  tlie  laboratories  of  the  universe  ! 

If  you  are  attentive  to  astronomical  writers,  you 
will  perceive  that  much  of  our  knowledge  of  astro- 
nomy is  founded  upon  conjecture,  though  dressed 
up  with  all  the  parade  of  mathematical  demonstra- 
tion. You  will  find  much  of  their  reasoning  weak  ; 
and  you  will  often  find  them  arguing  in  a  circle ; 
and  this  particularly  with  respect  to  the  densities, 
magnitudes,  distances,  and  other  aiTections  of  the 
planets.  Many  of  their  conclusions  are  deduced 
from  analogy  ;  a  s}>€cies  of  reasoning  that  in  its  best 
form  amounts  only  to  jirobability.     Many  of  their 
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ideas    are   supported  upon    an    assumed  attractive 
power,  wliich  they  modify  at  pleasure. 

Though,  in  a  popular  work,  it  is  impossibleto  enter 
into  a  discussion  of  these  points,  yet  it  may  be  useful 
to  say  something  concerning  the  value  of  conjec- 
ture, &c.  in  physical  sciences.  The  world  has  been 
so  long  befooled  by  hypotheses  in  all  parts  of  science, 
that  it  is  now  necessary  to  treat  them  with  contempt. 
Conjectures  and  hypotheses  are  the  invention  and 
works  of  men,  and  must  therefore  bear  proportion  to 
the  skill  and  capacity  of  the  inventor  ;  and  will  al- 
ways be  very  unlike  the  works  of  God,  which  it  is 
the  business  of  philosophy  to  discover. 

It  is  natural  for  men  to  judge  of  things  less  known, 
by  some  similitude  they  observe,  or  think  they  ob- 
serve, between  them  and  things  more  familiar,  or 
better  known  :  in  many  cases  we  have  no  other  way 
of  judging.  Analogical  reasoning,  is  not,  therefore,  to 
be  always  rejected  ;  but  it  ought  always  to  be  observ- 
ed, that  this  kind  of  reasoning  can  only  afford  proba^ 
ble  evidence  ;  that  it  may  lead  into  error;  and  that  it 
varies  in  the  degrees  of  its  force,  according  to  the  na- 
ture of  the  truths  from  which  we  reason  ;  according  to 
their  greater  or  less  extent ;  and  according  as  the  in- 
stances compared  are  more  or  less  similar. 

OF   COMETS. 

Comets  are  a  kind   of  stars,   appearing  at  unex- 
pected  times  in  the  heavens,  and  of  singular  and  va 
rious  figures,  descending  from  far  distant  parts  ol 
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of  the  system,  with  great  rapidity,  surprising  us 
with  the  singular  appearance  of  a  train  or  tail ;  and, 
after  a  short  stay,  are  carried  off  to  distant  regions^ 
and  disappear. 

They  were  imagined,  in  ancient  times,  to  be  pro- 
digies hung  out  by  the  immediate  hand  of  God  in 
the  heavens,  and  intended  to  alarm  the  world. 
Their  nature  being  now  better  understood,  they  are 
no  longer  terrible  :  but  as  there  are  many  who  still 
think  them  to  be  heavenly  warnings,  portents  of 
future  events,  it  may  not  be  improper  for  the  tutor 
to  inform  the  pupil,  that  the  Architect  of  the  uni- 
verse has  framed  every  part  according  to  divine  order, 
and  subjected  all  things  to  laws  and  regulations ; 
that  he  does  not  hurl  at  random  stars  and  worlds,  and 
disorder  the  system  of  the  whole  glorious  frame,  to 
produce  false  apprehensions  of  distant  events  ;  fears 
without  foundation, .  and  without  use.  Religion 
glories  in  the  test  of  reason,  of  knowledge,  and  of 
true  wisdom  :  it  is  every  way  connected  with_,  and 
is  always  elucidated  by  them.  From  philosophy  we 
may  learn,  that  the  more  the  works  of  the  Lord  are 
imderstood,  the  more  he  must  be  adored  ;  and  that 
his  superintendancy  over  every  portion  is  more  clearly 
evinced,  and  more  fully  expressed,  by  their  unvaried 
course,  than  by  ten  thousand  variations. 

The  existence  of  an  universal  connection  between 
all  the  parts  of  nature,  is  now  generally  allowed. 
Comets,  undoubtedly  form  a  part  of  this  great  chain  ; 
but  of  the  part  they  occu})y,  and  of  the  uses  for 
which  they  exist,  we  are  equally  iguorant.     It  is  a 
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portion  of  science  whose  perfection  is  reserved  for 
some  distant  day,  when  these  bodies,  and  their  vast 
orbits,  may,  by  long  and  accurate  observation,  be 
added  to  the  known  parts  of  the  solar  system  ;  when 
astronomy  will  appear  as  a  new  science,  after  all  our 
discoveries,  great  as  we  at  present  imagine  them  to  be. 

The  astronomy  of  comets  is  very  imperfect ;  for 
but  little  can  be  known  with  certainty  where  but 
little  can  be  seen.  Comets  afFord  few  observations 
on  which  to, ground  conjecture,  and  are  for  the 
greatest  part  of  their  course,  beyond  the  reach  of 
human  vision ;  but  that  tliey  are  not  meteors  in  the 
air  is  plain,  because  they  rise  and  set  in  the  same 
manner  as  the  moon  and  stars.  They  are  called 
comets  from  their  having  a  long  tail,  somewhat  re- 
sembling the  appearance  of  hair :  some,  however, 
have  appeared  without  this  appendage,  as  well  de- 
fined and  round  as  ]>lanets.  Imperfect  as  our  know- 
ledge is  concerning  them,  mathematkiuns  have  even 
ventured  to  calculate  the  sizes  of  their  orbits,  which 
they  have  made  so  great  as  to  surpass  the  ordinary 
bounds  of  credulity.  ^ 

It  is  generally  supposed  that  they  are  planetary 
bodies,  making  part  of  our  system,  revolving  round 
the  sun  in  extreme  long  elliptic  curves ;  that  as  the 
orbit  of  a  comet  is  more  or  less  eccentric,  the  dis- 
tance to  which  they  recede  from  the  sun  will  be 
greater  or  less.  Very  great  difFerence  has  been  found 
by  observation  in  this  respect :  even  so  great,  that 
the  sides  of  the  elliptic  orbit,  in  some  cases,  dege- 
nerate  almost   into   right    lines.      They   are   very 
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numerous  ;  450  are  supposed  to  belong  to  our  solar 
system. 

It  is  supposed,  that  those  comets,  which  go  to  the 
greatest  distance  from  the  sun,  approach  the  nearest 
to  him  at  their  return. 

Their  motions  in  the  heavens  are  not  all  direct,  or 
according  to  the  order  of  the  signs,  like  those  of  the 
other  planets.  The  number  of  those  which  move  in 
a  retrograde  manner,  is  nearly  equal  to  those  whose 
motion  is  direct. 

The  orbits  of  most  of  them  are  inclined  in  very 
large  angles,  to  the  plane  of  the  ecliptic. 

The  velocity  with  which  they  move  is  variable  in 
every  part  of  their  orbit :  when  they  are  near  the 
sun,  they  move  with  incredible  swiftness  ;  when 
very  remote  from  him,  their  motion  is  inconceiv- 
ably slow. 

When  they  appear,  they  come  in  a  direct  line  to- 
wards the  sun,  as  if  they  v/ere  going  to  fall  into  his 
body ;  and  after  having  disappeared  for  some  time, 
in  consequence  of  his  extreme  brightness,  they  fly 
off  on  the  other  side  as  fast  as  they  came,  conti- 
nually losing  their  splendour,  till  at  last  they  totally 
disappear.  Their  apparent  magnitude  is  very  dif- 
ferent ;  sometimes  seeming  not  bigger  than  the  fixed 
stars,  at  other  times  equal  in  diameter  to  Venus.  He- 
velhis  observed  one  in  l652,  which  was  not  inferior 
to  the  moon  in  size,  though  not  so  bright :  its  light 
pale  and  dim,  its  aspect  dismal. 

A  greater  number  of  comets  are  seen  in  the  hemi- 
sphere towards  the  sun,  than  in  the  opposite  ;   and 
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are  generally  invisible  at  a  smaller  distance  than  that 
of  Jupiter.  Mr.  Brydone  observed  one  at  Palermo, 
in  July,  177O;  which,  in  twenty-four  hours,  described 
an  arch  in  the  heavens,  upwards  of  fifty  degrees  in 
length  ;  so  that,  if  it  was  far  distant  from  the  sun, 
it  must  have  moved  at  the  rate  of  upwards  of  sixty 
millions  of  miles  in  a  day. 

They  differ  also  in  form  from  the  other  planets, 
consisting  of  a  large  internal  body,  which  shines 
with  the  reflected  light  ©f  the  sun,  and  is  encom- 
passed with  a  very  large  atmosphere,  apparently  of 
a  fine  matter,  resembling  that  of  the  aurora  borealis  : 
this  is  called  tlie  head  of  the  comet,  and  the  internal 
part  the  nucleus.  When  a  comet  arrives  at  a  cer- 
tain distance  from  the  sun,  an  exhalation  arises  from 
it,  w^hich  is  called  the  tail. 

The  t^il  is  always  directed  to  that  part  of  the 
heavens  which  is  directly  or  nearly  opposite  to  the 
sun,  and  is  greater  and  brighter  after  the  comet  has 
passed  its  perihelium.  The  tail  of  the  comet  of 
168O  was  of  a  prodigious  size,  extending  from  the 
head,  to  a  distance  scarcely  inferior  to  that  of  the  sun 
from  the  earth. 

No  satisfactory  knowledge  has  been  acquired  con- 
cerning the  cause  of  that  train  of  light  which  accom- 
panies the  comets.  Some  ])hilosophers  imagine  that 
it  is  the  rarer  atmosphere  of  the  comet,  impelled  by 
the  sun  s  rays.  Others,  that  it  is  the  atmosphere  of 
the  comet  rising  in  the  solar  atmosphere,  by  its  s{)e- 
cific  levity :  while  others  imagine  that  it  is  a  pheno- 
menon of  the  same  Jkind  with  the  aurora  borealis,  and 
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that  this  eartli  would  appear  hke  a  comet  to  a  spec- 
tator placed  ill  another  planet. 

The  number  of  the  comets  is  certainly  very  great, 
considerably  beyond  any  estimation  that  might  be 
made  from  the  observations  we  now  possess. 

Though  astronomers  have  bestowed  much  labour 
in  calculating  the  periods  of  comets,  and  much  at- 
tention to  account  for  their  phenomena,  yet  expe- 
rience bears  no  testimony  in  favour  of  their  opinions, 
nor  have  modern  calculators  had  better  success.  In- 
deed the  immense  distances  to  which  they  are  sup- 
posed to  run  out,  are  entirely  hypothetical. 

There  are,  who  do  not  think  the  present  astro- 
nomy of  comets  well  established  ;  and  as  so  many 
«mall  on^s  are  frequently  seen,  they  think  that  no- 
thing can  be  determined  with  certainty,  till  some 
better  marks  are  discovered  for  distinguishing  one 
from  another,  than  any  at  present  k  nown ;  and 
that  even  the  accomplishment  of  Dr.  Halley's  pre- 
diction is  uncertain  :  for  it  is  very  singular,  that  out 
of  four  years,  in  which  three  comets  appeared,  the 
only  one  in  which  no  comet  was  to  be  seen,  should 
be  that  very  year  in  which  the  greatest  astronomers 
that  ever  existed  had  foretold  the  appearance  of  one ; 
and  in  accounting  for  its  non-appearance,  Mr. 
Clairault  would  have  been  equally  supported  by 
cometic  evidence,  whether  he  had  concluded  the 
comet  to  have  been  retarded  or  accelerated  by  the 
action  of  Jupiter  and  Saturn.  A  comet  appeared  in 
1757^  as  well  as  in  1753  ;  and  had  he  determined 
the  retardation  of  the  comet  to  be  twice  as  sreat  as 
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he  did,  another  appeared  in  1760  to  have  verified  his 
calculations*. 

*  A  comet,  the  most  remarkable  that  has  appeared  in  our  hc- 
mbphere  these  40  ycafrs,  was  first  observed  in  London  the  end  of 
September,  1807.  The  following  are  the  most  importaut  parti- 
culars that  we  could  infer  from  its  apparent  figure  and  motion  : 
On  tlic  2Sth  of  September,  its  declination  was  about  5"  S.  and 
right  ascension  218".  It  was  conspicuous  about  7  o'clock  in  the 
evenlig,  with  the  brightness  of  a  star  of  the  second  magnitude, 
with  a  short  bright  bushy  tail,  and  a  nucleous  distinct  and  bright. 
It  had  passed  the  perihelion  of  its  orbit,  before  it  was  any  where 
observed  in  this  country.  If  continued  moving  northerly  at  a  daily 
rate  of  more  than  a  degree,  till  about  the  end  of  the  year.  Its 
tail  first  diminishing  in  brightness  and  size,  and  lastly,  the  nucleous 
and  comet  itself.  Its  greatest  length  of  tail  dia  not  exceed  1|  de- 
gree; and  its  greatest  brightness  was  during  the  month  of  October, 
while  receding  from  the  sun  and  the  earth,  or  approaching  to- 
wards its  aphelion.  On  account  of  the  oblique  position  of  the  axis 
of  the  comet's  orbit,  it  could  not  be  seen  on  its  approach  to  its 
perihelion,  or  in  its  motion  towai^ds  the  sun.  Its  first  appearance 
was  near  the  constellation  Mons-Menaulus,  and  it  disajjpeared 
near  Cygnusj  or  the  Swan.  Its  figure  is  tolerably  well  represented 
in  plate  A^Jig.  6.  Dr.  Herschel  estiqiated  the  expanse  over  space 
of  the  tail,  to  be  about  nine  million  of  miles. 

It  was  most  clearly  magnified  and  defined  by  the  power  of  the 
common  large  aperture  two-feet  night  telescope,  with  three  glasses, 
of  a  poner  about  eight  times.  Such  phenomenon  as  this,  with 
feeble  light  or  lustre,  require  small  powers  and  largj  apertures  in 
a  refracting  tela«cope,  which  is  the  most  stiitablc  instrument.  For 
more  ample  accounts,  as  published  by  Dr.  Herschel,  and  other 
skilful  astronomers,  see  **  The  Philosophical  Transactions,  for 
1808 ;'»  and  "  The  Philosophical  Magazine,"  Vols.  29  and  30. 

JEdit. 
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Though  by  the  telescope  we  have  been  led  on- 
ward in  our  advances  towards  a  more  powerful  know 
ledge  of  the  heavenly  bodies,  and  astronomy  being 
raised  from  little  more  than  a  catalogue  of  stars  into 
a  science ;  yet  by  this  instrument  men  have  been 
led  into  errors,  and  astronomers  liave  indulged  in  spe- 
culations that  equally  deviate  from  sound  reason,  and 
the  plain  dictates  of  common  sense. 

The  generality  of  mankind,  in  all  ages,  have  con- 
sidered the  sun  as  a  mass  of  pure  elementary  fire, 
subsisting  from  the  creation,  and  supported  by  some 
unknown  cause,  without  any  occasion  for  the  gross 
fuel  necessary  for  supporting  our  teiTestrial  fires. 
The  conjectures  of  astronomers  have  neither  been  so 
simple  nor  so  rational ;  limited  in  their  conceptions, 
they  have  not  been  able  to  perceive  how  fire  of  any 
kind  could  subsist  without  fuel,  and  have  therefore 
supposed  the  sun  and  the  earth  to  be  of  a  similar 
substance ;  and,  consequently,  that  the  earth  itself 
would  be  a  sun  if  set  on  fire.  Sir  Isaac  Newton  has 
even  proposed  it  as  a  query,  whether  the  sun  and 
fixed  stars  are  not  great  earths  made  vehemently  hot, 
whose  parts  are  kept  from  fuming  away  by  the  vast 
weight  and  density  of  their  superincumbent  atmo- 
sphere, and  whose  heat  is  preserved  by  the  prodigious 
action  and  re-action  of  their  parts?  Others  have 
imagined  the  sun  to  be  a  body  of  quite  a  diflferent 
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nature,  and  have  even  denied  him  to  be  possessed  of 
any  inherent  heat,  though  they  allow  him  the  power 
of  producing  it  in  other  bodies.  Some  have  sup- 
posed, that  the  main  body  of  the  sun  has  neitlier 
hght  nor  heat,  but  that  it  consists  of  a  vast  dark 
globe,  surrounded  on  all  sides  with  a  thin  covering 
of  aerial  or  foggy  matter,  immensely  splendid,  which 
gives  him  the  power  he  possesses,  &c. 

The  only  foundation  for  these  wild  conjectures,  is 
the  appearance  of  the  sun  through  telescopes.  By 
viewing  it  through  these  instruments,  his  face  is 
found  to  be  equally  bright  in  all  its  parts.  A  slightly 
spotted  appearance,  chiefly  on  or  near  the  edges,  is 
commonly  taken  notice  of;  and,  very  frequently, 
dark  spots,  of  various  shapes  and  sizes,  are  perceived, 
traversins:  the  disc  from  one  edoe  to  the  other. 
These  spots  appear  at  uncertain  intervals,  and  often 
change  their  form,  while  they  are  passing  over  the 
solar  disc,  or  are  broken  in  pieces,  enlarge  and  di- 
minish, by  causes  of  which  we  are  ignorant. 

Those  who  adhere  to  the  conjectures  of  Sir  Isaac 
Newton,  suppose  the  spots  to  be  the  smoke  of  new 
and  immense  volcanoes,  breaking  out  in  the  body  of 
the  sun  himself;  while  those  who  are  pleased  with  the 
suppositions  of  professor  Wilson,  imagine  them  to  be 
the  dark  globe,  rendered  visible  by  the  displacement 
of  the  shining  and  surrounding  niatter. 

Though  it  would  be  deviating  from  our  plan  to 
spend  our  time  in  speculations  on  subjects  removed 
so  far  beyond  the  reach  of  human  investigation  :  yet 
yy^e  can  scarce  refrain  from  observing,  that  there  is 
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no  foundation  for  supposing  that  the  sun  has  any 
soHd  body.  Meteors,  resembhng  that  glorious  lu- 
minary in  splendor,  have  been  known  to  arise  in  the 
higher  parts  of  our  atmosphere,  though  their  conti- 
nuance there  has  been  but  for  a  short  time.  No 
one  supposes  that  they  have  any  solid  body.  It  is 
not,  therefore,  unreasonable,  to  suppose  the  sun  to 
be  a  vast  collection  of  elementary  fire  and  light, 
w^hich,  being  sent  out  from  him,  by  means  unknown 
to  us,  and  having  accomplished  the  purposes  for 
which  they  are  designed,  perpetually  return  to  him, 
are  sent  out  again,  and  so  on.  Thus,  the  sun  con- 
tinues to  burn,  unsupported  by  any  terrestrial  fuel, 
and  without  the  least  tendency  to  diminution  or 
possibility  of  decay. 

Of  the  Moon,  From  the  appearance  of  this  lumi- 
nary, through  a  telescope,  it  seems  probable,  that 
there  are  great  inequalities  on  her  surface.  Viewing 
her  at  any  time,  except  when  full,  we  see  one  of  the 
sides  notched  and  toothed,  like  a  saw.  Many  small 
points,  appear  like  stars  at  a  small  distance  from  the 
main  luminous  body,  which  join  it  in  a  little  time. 
These  are  considered  as  the  tops  of  high  mountains, 
which  catch  the  light  of  the  sun  sooner  than  the 
other  parts  which  are  lower.  That  these  very 
shining  parts  are  higher  than  the  rest  of  the  surface, 
is  evident  from  the  appearance  of  their  shadows, 
which  lengthen  and  shorten  according  to  their  si- 
tuation with  respect  to  the  sun.  Some  astronomers 
have,  undoubtedly,  made  the  mountains  of  the  moon 
extravagantly  high ;  they  have  been  much  reduced 
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by  modern  calculatoi-s :  Dr.  Herschel  has  thougfrt 
he  discovered  volcanoes  on  her  disc.  And  it  is  sti|  - 
posed  she  has  an  atmosphere,  because  the  Jimb  of 
the  sun  has  been  obseVved  to  tremble  just  before  the 
beginning  of  a  solar  eclipse,  and  because  the  planets 
become  oval  at  the  beginning  of  an  occultation 
behind  the  moon, 

J}fercuri/  being  always  near  the  sun,  nothing  more 
is  distmguished  by  the  telescope,  than  a  variation  of 
his  figure,  which  is  sometimes  that  of  a  half-moon, 
sometimes  a  little  more,  or  less  than  half. 

Venus^  when  in  the  form  of  a  crescent,  and  at  her 
brightest  times,  affords  a  very  pleasing  telescopic 
view ;  her  surface  being  diversified  with  spots,  like 
the  moon.  The  diurnal  motion  of  this  planet,  both 
as  to  its  period  and  direction,  has  not  hitherto  been 
decidedly  ascertained.  Dr.  Herschel  concludes  from 
his  observations,  that  its  atmosphere  is  very  con- 
siderable. He  has  not  been  able  to  find  the  least 
trace  of  mountains,  and  ridicules  those  obsei-vers 
who  have  seen  such  as  exceed  four,  five,  or  even  six 
times  the  height  of  Chimboraco,  the  highest  of  our 
mountains. 

Mars  always  appears  round,  excvpt  at  the  quadra- 
tures, when  its  disc  is  like  that  oi  the  moon  about 
three  days  after  the  full.  Its  atmosphere  is,  from  the 
ruddiness  of  the  planet,  supposed  to  be  very  dense  ; 
spots  are  discovered  on  his  surface,'  but  they  do  not 
a])pear  fixed.  Dr.  Herschti  lias  observed  two  white 
luminous  circles,  surrounding  the  poles  of  this  pla- 
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net,  which  he  supposes  to  arise  from  the  snow  lying 
about  those  parts. 

The  surf Ace  o^  Jifplter  is  distinguished  by  certain 
bands  or  belts,  of  a  duskier  color  than  the  rest  of  his 
surface,  running  parallel  to  each  other,  and  to  the 
plane  of  his  orbit.  They  are  neither  regular,  nor 
constant  in  their  appearance ;  sometimes  more, 
sometimes  fewer,  being  perceived:  their  breadth 
varies,  and  sometimes  one  or  more  spots  are  formed 
between  the  belts. 

Saturn  s  distance  does  not  permit  us,  with  common 
instruments,  to  distinguish  many  varieties  on  his  sur- 
face, but  his  ring  is  a  fruitful  source  for  astronomi- 
cal speculation.  Dr.  Herschel,  by  means  of  his 
powerful  instruments,  has  discovered  a  multiplicity 
of  regular  belts,  which  did  not  change  much  during 
the  course  of  his  observations.  From  these  he  has 
found,  that  Saturn  has  a  pretty  quick  rotation  upon 
its  axis,  which  he  has  fixed  at  lOh.  l6m.  Osec. 
He  has  also  shewn,  that  the  ring  of  Saturn  is  divisi- 
ble into  two  concentric  rings  of  unequal  dimensions 
and  breadth,  situated  in  one  plane,  which  is  probably 
not  much  inclined  to  the  equator  of  the  planet. 
These  rings  are  at  a  considerable  distance  from  each 
other,  the  smallest  being  muqh  less  in  diameter  at  the 
outside  than  the  largest  is  at  the  inside  :  the  two  rings 
are  entirely  detached  from  each  other,  so  as  plainly 
to  permit  the  open  heavens  to  be  seen  through  the 
vacancy  between  them. 

Though  much  has  been  unfolded  to  you  in  the 
course  of  this  essay,  upon  a  little  consideration,  you 
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will  find  the  things,  of  which  you  remain  ignorant^ 
infinitely  exceed  those  which  you  know.  It  is  witli 
us,  as  with  a  child,  that  thinks  if  he  could  but  just 
come  to  such  a  field,  or  ehmb  to  the  top  of  such  a 
hill,  he  should  be  able  to  touch  the  sky  ;  but  no 
sooner  is  he  come  thither,  than  he  finds  it  as  far  off 
as  it  was  before. 

It  may  perhaps  be  useful  to  point  out  to  you  the 
littleness  of  human  knowledge,  even  in  those  subjects 
of  which  we  have  been  treating: ;  and  this  1  shall  do 
principally  in  the  words  of  a  late  writer. 

How  far  does  the  universe  extend,  and  where  are 
the  limits  thereof?  Where  did  the  Creator  "  stay 
his  rapid  wheels  ?**  where  "  fix  the  golden  com- 
passes ?"  Certainly  himself,  alone,  is  without  bounds, 
but  all  HIS  works  are  finite.  He  must,  therefore,  have 
said,  at  some  point  of  space, 

-  "  Be  these  thy  bounds  ; 

"  This  be  thy  just  circumference,  O  world  I" 

Here  the  Mathematician  must  be  silent,  and  wave 
all  calculations,  as  there  can  be  no  ratio  between 
bounded  and  boundless  space,  even  though  the 
magnitude  of  the  former  were  taken  at  the  utmost 
limit  man  can  conceive,  or  numbers  express.  But 
where  are  the  boundaries  ?  Who  can  tell  ?  All  be- 
yond the  fixed  stars  are  utterly  hid  from  the  children 
of  men. 

But  what  do  we  know  of  the  fixed  stars  ?  A  great 
deal,  one  would  imagine  ;  since,  like  the  most  high 
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we,  too,  tell  their  numbers ;  yea,  and  call  them  hy 
their  names  !  But  what  are  those  that  are  named,  in 
comparison  with  those  which  our  glasses  discover  ? 
What  are  two  or  three  thousand,  to  those  we  dis- 
cover in  the  milky- way  alone  ?  How  many,  then,  are 
there  in  the  whole  expanse  ?  But  to  what  end  do 
they  serve  ?  To  illuminate  worlds,  and  impart  light 
and  heat  to  their  several  choirs  of  planets  ?  or  to  gild 
the  extremities  of  the  solar  sphere,  and  minister  to 
the  perpetual  circulation  of  light  and  spirit  ? 

What  are  comets  ?  Planets  not  full  formed,  or 
planets  destroyed  by  conflagration  :  or  bodies  of  ^n 
wholly  different  nature,  of  which  we  can  form  no 
idea.  How  easy  it  is,  to  form  a  thousand  conjectures ! 
how  hard  to  determine  any  thing  concerning  them  I 
Can  their  huge  revolutions  be  even  tolerably  ac- 
counted for,  on  the  principles  of  gravitation  and 
projection?  What  brings  them  back,  when  they  have 
travelled  so  immensely  far  ?  or  what  whirls  them  on, 
when,  reasoning  justly  on  the  same  powers,  they 
should  drop  into  the  solar  fire  ? 

What  is  the  sun  itself  ?  It  is,  undoubtedly,  the 
most  glorious  of  all  the  inanimate  creatures  :  and 
its  use  we  know,  God  made  it  to  rule  the  day. 
It  is, 

"  Of  this  great  world,  both  eyes  and  soul." 

But  who  knows  of  what  substance  it  is  composed,  or 
even  whether  it  be  solid  or  fluid  ?  What  are  the  spots 
on  its  surface  ?  what  its  real  mamitude?  Here  is  an 
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unbounded  lield  for  conjecture ;  but  what  foundation 
fbr  real  knowledge  ? 

What  do  we  know  of  the  feebly-shining  bodies, 
the  planets,  that  move  regularly  round  the  sun  ? 
Their  revolutions  we  are  acquainted  with ;  but  who 
can  regularly  demonstrate  to  us  either  their  magni- 
tude, or  their  distance,  unless  he  assumes  it  in  the 
usual  way,  inferring  their  magnitude  from  their  dis- 
tance, and  the  distance  from  the  magnitude.  What 
are  Jupiter's  belts  ?  What  is  Saturn's  ring  ?  The 
honest  ploughman  knows  as  well,  as  the  most  learned 
astronomer. 

"  Sir  Isaac  Newton  certainly  discovered  more  of 
the  dependencies,  connexions,  and  relations  of  the 
great  system  of  the  universe,  than  had,  previous  to 
his  time,  been  conceded  to  human  peneti-ation  :  yet, 
was  he  forced  to  bottom  all  his  reasoning  on  the  hy- 
pothesis of  gravitation  ;  of  which  he  could  give  no 
other  account,  than  that  it  was  necessary  to  the  con- 
clusions he  rested  upon  it." 
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Tlie  equinoctial  points,  as  have  been  before  ex- 
plained, are  those  two  opposite  points,  where  the 
ecliptic  and  equinoctial  cross  each  other,  at  the  first 
point  of  Aries  and  Libra,  and  are  called  the  vernal 
and  autumnal  equinoxes.  By  long,  and  a  continual 
series  of  observations,  it  has  been  observed,  that  the 
above  two  points  have  a  westerly  recession,  or  mo- 
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lion  backwards,  contrary  to  the  order  of  the  signs 
of  about  50t  seconds,  yearly,  This  retrograde  mo- 
tion of  the  equinoctial  points,  or  the  nodes  of  the 
earth's  orbit,  as  it  has  been  termed,  is  called  the 
Precession  of  the  Equinoxes, 

The  solstitial  points,  are  these  two  opposite  points 
where  the  ecliptic  touches  the  tropics,  and  90  from 
the  equinoctial  points,  are  consequently  subject  to 
the  same  recession. 

To  have  a  clear  idea  of  this  subject,  the  student 
must  be  informed,  that  astronomers  begin  the  year  in 
the  spring,  when  the  sun  is  in  that  node  of  the  equa- 
tor, or  equinoctial  point,  called  Aries,  or  at  the  vernal 
equinox  ;  and  that  the  time  the  sun  takes  in  his 
motion  from  any  one  equinoctial  point,  or  tropic, 
round  to  the  same  again,  is  called  the  Tropical,  or 
Natural  Year  ;  and  called  by  some  the  Mea?i  So^ar 
Year.  Its  length,  by  observation,  is  found  to  be 
365'  5^  48'  49". 

The  time  the  sun  also,  by  observation,  is  found 
to  take,  in  moving  from  any  particular  star  to  the 
the  same  star  again,  is  called  the  Siderial  Year; 
and  is  fixed  at  365'  6"  9'  12".  The  siderial  year, 
therefore,  exceeds  the  tropical  year  by  20  minutes, 
23  seconds  in  time,  and  consequently  the  Julian,  or 
Civil  Year,  which  we  adopt  at  365  days  6  hours,  is 
nearly  a  mean  between  the  siderial  and  tropical. 

The  whole  ecliptic  of  36o°  being  passed  through 
by  the  sun  in  a  tropical  year,  his  daily  mean  motion 
is  about  59'  8"  ;  and  for  the  above  difference  20'  23'' 
in  time,  his  motion  will  be  very  near  50^    ;  and  just 
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SO  much  of  a  degree  sooner  will  he  arrive  at  tlu 
same  equinox,  or  solstice,  than  at  any  star,  or  fixed 
point  on  the  heavens,  in  one  annual  revolution ;  so 
in  respect  to  the  fixed  stars,  will  cause  the  equinoctial 
points,  as  well  as  itself,  to  recede  ahout  30  degrees 
in  2160  years,  and  in  the  whole  circle  of  the  equi- 
noctial, in  about  25920  years.  This  period  has  been 
called  the  Grand  Platonic  Year. 

The  receding  of  the  equinoctial  points  has  thus 
occasioned  an  apparent  advance  of  the  fixed  stars  in 
longitude  of  about  50"  per  year^  and  from  whence 
it  follows  that,  since  the  time  of  Ptolemy,  in  the 
infant  state  of  astronomy,  the  zodical  figures,  or 
constellations,  have  moved  forward  about  one  whole 
sign,  and  as  shewn  upon  our  New  British  Celestial 
Globes,  the  constellation  of  Aries,  situate  in  that 
part  of  the  ecliptic,  named  Taurus.  Taurus,  in  the 
situation  of  Gremini,  &c.  Hence,  the  stars  that 
rise  and  set  at  particular  seasons  of  the  year,  in  the 
times  of  Heslod,  Endoxus,  Firgil,  Pliny,  &c.  at 
the  present  period,  will  have  a  manifest  diflference  in 
respect  to  time.  It  is  to  the  attractive  influence 
of  the  sun  and  moon,  on  the  redundant  matter  in 
the  equatorial  regions  of  the  earth,  that  Sir  Isaac 
Newton,  and  other  astronomers,  have  asserted  to  oc- 
casion this  peculiar  slow  motion.  From  the  earth's 
motion  on  its  axis,  much  more  matter  is  accunmlatcd 
about  the  equator,  than  at  any  other  parts  of  the 
globe,  and  the  power  of  the  sun  and  moon's  attraction, 
is  judged  to  bring  the  equator  quicker  under  them, 
than  if  there  were  no  such  accumulation  of  matter. 
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The  phenomena  of  the  precession^  may  be  more 
famiharly  understood,  by  the  student  placing  before 
him  a  celestial  globe  :  he  must  bring  the  pole  of  the 
ecliptic  to  the  brazen  meridian,  and  consider  both 
the  ecliptic^  and  its  axis,  to  be  immoveable,  and  the 
earth's  axis,  or  poles  of  the  equinoctial,  to  be  in  mo- 
tion round  the  earth's  centre,  which  he  may  con- 
ceive will  form  a  double  cone  round  the  axis  of  the 
ecliptic,  in  the  time  the  equinoctial  points  circum- 
scribe the  ecliptic,  which  is  about  25,920  years;  and, 
in  that  time,  the  earth's  axis  will  describe  a  circle  in 
the  lieavens,  round  the  pole  of  the  ecliptic,  which  is 
stationary  on  that  circle,  the  earth's  axis  being  in- 
clined 23^  degrees  to  tliat  of  the  ecliptic  :  the  circle 
described  by  the  north  pole,  will  be  47  degrees  in 
diameter,  twice  that  of  the  inclination  of  the  earth's 
axis.  Consequently,  that  point  in  the  heavens,  which 
is  now  the  north  pole,  and  very  near  to  the  polar 
star,  as  it  is  called,  which  is  in  the  tail  of  Ursa 
Minor,  will  be  receded  from  by  the  earth's  axis,  at 
the  rate  of  about   1   degree  in  72  years.     And,  in 
12,960  years,  will  be  directed  to  some  other  star  in 
the  heavens,  diametrically  opposite  in  the  circle,  on 
the  other  side  of  the  pole  of  the  ecliptic  ;  and  the 
north  pole  of  the  heavens  will  then  be  in  a  situation 
^y  degrees  south  of  the  zenith  of  London,  which  is 
at  5lvr  North.     The  places,  also,  of  the  equator  and 
two  tropics,  will  be  very  materially  changed.     And 
the  sun  in  the  same  part  of  the  heavens,  where  he 
now  covers  the  earthly  tropics,  and  makes  the  shortest 
days,  and  longest  nights,  in  the  northern  hemisphere; 
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will  then  bt^  over  the  earthly  tropic  of  Cancer,  aiut 
make  the  days  longest,  and  the  nights  shortest.  In 
25^^20  3'ears,  the  north  pole  nill  have  moved  quite 
round,  and  returned  to  its  present  position,  and 
then  the  apparent  motions,  and  situation  of  the  starSg^ 
will  begin  to  have  the  same  changes  over  again. 

The  motion  of  the  a])sis  of  the  earth's  orbit  occa- 
sions th«  dift'erence  between  the  periodical  and  si- 
derial  years :  the  periodical  year  is  the  time  of  the 
earth's  revolution  in  its  orbit,  and  is  .363''  6"  15  20'', 
differing  from  the  natural  year,  or  period  of  the  sea- 
sons, '26'  21". 

A  distinction  is  made  by  astronomers  between  the 
precession  of  the  equinoctial  and  solstitial  }X)ints  in 
the  heavens,  which  only  affect  the  apparent  motions, 
places,  and  declination  of  the  stars  ;  and  the  anti- 
cipation of  the  equinoxes ''of  the  earth,  which  regard 
the  seasons,  the  latter  is  owing  to  a  difference  be- 
tween the  civil  and  solar  year,  which  is  11  minutes 
3  seconds.  This  excess  of  the  civil  or  Julian  years, 
above  the  solar,  amounts  to  11  days  in  l,-io3  years  ; 
and,  consequently,  so  much  have  our  seasons  gone 
back,  with  respect  to  the  dkys  of  the  month,  since 
the  period  of  the  Comicil  of  Nice,  in  A.D.  323  ; 
and,  therefore,  in  order  to  restore  all  the  fasts  and 
festivals  to  the  days  then  settled,  it  was  requisite  to 
suppress  1 1  nominal  days,  and  that  the  same  sea- 
sons, in  future,  might  be  returned  to  the  same  times 
of  the  year,  to  leave  out  the  bissextile  ih\y  in 
Febniary,  at  the  end  of  every  century  *of  years  not 
divisible  by  4,  reckoning  them  only  common  years, 
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as  the  l/th,  18th;,  and  19th  centuries,  or  the  years 
1700,  1800,  1900,  and  because  a  day  intercolated 
every  4th  year,  was  too  much ;  and,  retaining  the 
bissextile  day  at  the  end  of  these  centuries  of  years, 
which  are  divisible  by  4,  as  the  l6th,  20th,  and  24th 
centuries,  viz.  1600,  2000,  2400,  &c.  otherwise,  in 
length  of  time,  the  seasons  would  be  quite  reversed, 
with  regard  to  the  months  of  the  year,  in  the  course 
of  about  23,783  years. 


OF    THE    NUTATION    OF    THE    EARTHS    AXIS. 

It  is  to  the  late  Dr.  Bradley  that  we  owe  the  first 
observations  of  the  libratory  variation  of  the  incli- 
nation of  the  equator  to  the  ecliptic,  and  which  is 
termed  the  nutation  of  the  ear t lis  axis.  Sir  Isaac 
Newton^s  theory  of  attraction  had,  for  some  timq 
before,  given  grounds  for  the  existence  of  such  a 
property.  Its  whole  effect  is  said  scarcely  to  exceed 
19  seconds. 


OF    ASTRONOMICAL   ABERRATION. 

Aberration,  in  astronomy,  is  the  apparent  change 
of  place  in  the  fixed  stars,  arising  from  the  motion 
of  the  earth,  combined  with  the  motion  of  light. 
It  is  a  discovery  by  the  late  Dr.  Bradley,  who,  with 
an  astronomical  instrument,  called  a  Zenith  Sector^ 
made  a  number  of  observations  for  three  years  upon 
the  same  stars,  and  found  that  their  apparent  places 
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differed  from  their  true  places  about  20  seconds  : 
and  hence  proving,  that  the  velocity  of  light  is  about 
10,000  times  greater  than  the  earth's  velocity  in  its 
orbit.  The  velocity  of  tlie  earth  is  computed  at 
58^000  an  hour;  and,  therefore,  light  is  propagated 
from  the  sun  to  the  earth  in  8  minutes  and  about  10 
seconds  of  time,  a  distance  of  95  millions  of  miles, 
or  the  distance  of  the  earth  at  a  mean  from  the  sun. 
The  velocity  of  light  is  thus  proved  to  be  uniform, 
whether  originally  from  the  stars,  or  reflected  from 
the  satellites  of  Jupiter,  as  precisely  deduced  by 
observations  previously  made  on  these  satellites  by 
Roemer, 


OF    THE    TIDES. 

The  rising  and  falling,  alternately,  twice  in  a  day, 
of  the  waters  upon  the  earth,  is  one  of  the  most 
remarkable  of  natural  phenomena.  To  the  vast 
penetration  of  Sir  Isaac  Newton,  we  are  here,  also, 
beholden  for  the  demonstrations  of  the  moon's  ac- 
tion upon  this  globe,  and  the  manner  this  admirable, 
effect  is  produced.  The  tides  are  considered  as 
affording  a  very  obvious  instance  of  the  mutual  gra- 
vitations of  the  celestial  bodies  to  each  other. 

The  attractions  of  the  sun  and  moon  upon  the 
fluid  parts  of  the  earth  are  now  considered  as  the 
only  agents  of  the  tides,  and  from  repeated  observa- 
tions the  times  of  ebbinc;  and  flowing  are  found  to 
be  comj>arable  to  the  periodical  revolutions  of  the 
moon,  particularly,  and  proportionate  to  them. 
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From  the  trreater  distance  that  the  sun  is  from  the 
earth,  his  attractive  power  in  raising  the  water,  must 
be  very  considerably  less  than  the  power  of  the 
moon  In  general,  the  sun  counteracts  the  effects  of 
the  moon,  more  than  it  assists  iji  augmenting  the 
flux  and  reflux  of  the  sea. 

In  the  course  of  24  hours,  48  minutes,  the  sea 
is  observed  to  ebb  and  flow  twice  :  the  time  of 
rising  being  about  6  hours,  and  the  time  of  falling 
the  same. 

From  the  motion  of  the  moon  in  her  orbit,  the 
lunar  day  exceeds  the  solar  day  ;  the  former  being 
about  24  hours,  48  minutes,  and  the  latter  24  hours  : 
hence,  the  effect  of  the  sun  and  moon  on  the  tides, 
are  not  the  same  every  day.  The  influence  of  the 
sun  and  moon  on  the  equatoreal  parts  of  the  earth,  is 
greater  than  towards  the  poles,  from  the  attractive 
powers  acting  less  obliquely  at  the  equator,  than 
the  poles  ;  and  also  the  accumulated  matter  about 
the  equator.  The  time  of  high  water  is  about  48 
minutes  later  every  day,  on  account  of  the  moon, 
being  about  that  time  in  her  arrival  later  daily  at  the 
meridian  of  that  place ;  it  being  high  water  at  the 
time  that  the  moon  is  nearly  in  the  meridian  of  the 
place,  and  the  sea  having  flowed  to  its  highest  state  ; 
and  it  is  low  >vater  at  the  interval  of  time,  6  hours 
before  or  after  this  period^  when  the  moon  is  in,  or 
near  to,  either  the  east  or  west  points  of  the  horizon. 
Or,  when  at  high  water  at  any  place,  on  the  meri- 
dian of  90  degrees,  east  or  west  of  that  place  on  the 
earth,  is  low  water.     But  a  remarkable  circumstance 
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is,  that  when  it  is  high  water  at  any  place,  it  is  also 
high  water  at  the  place  where  its  meridian  is  diame- 
trically opposite,  the  cause  of  which  is  derived  from 
another  principle,  different  from  the  moon  s  attrac- 
tions in  the  other  case,  and  which  shall  be  explained 
hereafter. 

The  power  of  the  sun  is  sufficient  to  raise  the 
waters,  somewhat  when  on  our  meridian,  and  an  effect 
Oppositely,  also,  then  takes  place.  When  it  acts 
in  conjunction  with  the  rrioon,  it  produces  a  more 
powerful  effect  on  the  waters,  and  it  is  then  called 
Spring  Tides  :  when  it  acts  in  a  direct  perpendicular 
to  the  moon,  it  tends  to  diminish  her  power,  and 
produce  a  diminished  tide,  called  Neap  Tides: 
hence,  at  the  time  of  new  and  full-moon,  there  must 
be  high  tides,  and  low  tides  at  the  two  quarters,  first 
and  third  of  the  moon.  When  the  sun  and  moon 
are  in  the  Si/zgies,  or  in  opposition  and  conjunction 
at  the  time  of  the  equinoxes,  there  is  the  highest 
tides  of  any,  on  accoimt  of  the  sun  being  then  in 
the  equator,  and  the  moon  in  the  same  situation,  of 
very  near  to  it. 

The  action  of  the  sun  is  judged  to  raise  the  waters 
of  our  seas  about  two  feet,  and  the  moon  about  nine 
feet ;  therefore,  in  joint  action,  the  elevation  will  he 
about  eleven  feet  at  the  spring  tides,  and  when  act- 
ing at  right  angles,  be  as  the  other  at  neap  tides, 
about  7  feet,  the  difference  between  the  two. 

'J  he  earth  and  the  moon,  according  to  the  laws  of 
gravitation  and  motion,  move  round  tlieir  centre 
of  gravity,  which  centre  is  as  much  nearer  to  the 


OF   THE   TIDES.  183 

-eartli  than  the  moon,  as  the  earth  is  in  bulk  matter 
greater  thaiT  the  moon.  Th«  earth  is  judged  to  con- 
tain 40  times  as  much  matter  as  the  moon  ;  there- 
fore, the  centre  of  gravity  is  40  times  nearer  the 
earth  than  the  moom 

Any  bod)^,  moving  with  a  velocity  round  one  cen- 
tre, acqvures  a  forcible  tendency  to  go  off  from  that 
centre,  which  is  called  the  centrifugal  force,  and  the 
attraction  or  power  that  keeps  it  towards  the  centre, 
is  called  the  centripetal  force.  As  an  exemplifica- 
tion, let  a  person  whirl  round  a  ball  at  the  end  of 
a  string  a  yard  or  two  long,  with  his  hand,  he  will 
be  sensible,  if  he  let  the  cord  go,  that  the  ball,  or 
a  planetary  body,  would  fly  off  from  the  actions  of 
the  centrifugal  force;  but  if  he  held  it  firm,  the  power 
of  his  hand  resembling  the  attractive  or  centripetal 
force,  would  keep  the  body  circulating  in  its  orbit. 
It  is  to  this  cause,  that  philosophers  now  attribute 
the  rise  of  the  tides  at  tiie  opposite  parts  of  the 
earth  to  where  the  moon  may  be  at  the  same  time  ; 
for  that  part  of  the  earth,  which  is  opposite  to  the 
moon,  exacts  a  greater  centrifugal  force  from  its 
centre,  than  that  which  is  nearest  to  the  centre  of 
gravity,  or  facing  that  and  the  moon ;  and,  therefore, 
as  that  part  rises  by  the  centrifugal  force,  and  those 
■opposite  the  moon  by  the  centripetal  force,  or 
moon  s  attraction,  as  before  mentioned. 

The  time  of  high  water,  at  any  place,  is  not  when 
the  moon  is  in  the  meridian,  but  is  generally  about 
three  hours  afterwards  ;  the  cause  given  for  which 
U  as  foJlow^s :  The  moon,  vv^hen  in  the  meridian,  ox 
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nearest  the  zenith  of  any  place,  tends  to  raise  tho 
waters  at  that  place  ;  and  this  force  must  evidently 
be  exerted  for  some  time,  before  the  greatest  elevation 
will  take  place  ;  for,  were  the  moon's  attraction  to 
cease  altogether,  when  she  has  passed  the  meridian, 
vet  the  motions  already  communicated  to  the  waters, 
would  cause  them  to  ascend  for  some  time  after- 
wards; and,  therefore,  they  must  be  much  more  dis- 
posed to  ascend,  when  the  attractive  force  is  only  in 
a  small  measure  diminutive. 

Thus  much  may  suffice  to  give  the  young  student 
a  general  idea  of  the  nature  and  rationale  of  the 
tides.  They  are  subject  to  much  deviation  from  the 
general  rule  given,  on  account  of  the  various  dis- 
proportions of  the  parts  of  the  earth,  and  other  local 
circumstances.  To  have  a  fuller  and  more  compre- 
hensive view  of  the  subject,  the  reader  must  consult 
other  larger  and  modern  "treatises  on  astronomy  and 
navigation,  where  complete  tables  and  demonstra- 
lions  are  given. 
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ESSAY    II. 


PART  I. 


A  TREATISE 

ON    THE    DSE    OF    THE 

TERRESTRIAL  AND  CELESTIAL  GLOBES. 


OF  THE  ADVANTAGES  OF  GLOBES  IN  GENERAL,  FOR 
ILLUSTRATING  THE  PRIMARY  PRINCIPLES  OF  AS- 
TRONOMY AND  GEOGRAPHY  ;  AND  PARTICULARLY 
OF  THE  ADVANTAGES  OF  THE  GLOBES,  WHEN 
MOUNTED    IN    MY    FATHER's    MANNER,^ 


u, 
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NIVERSAL  approbation,  the  opinion  of  those 
that  excel  in  science,  and  the  experience  of  those  that 
are  learning,  all  concur  to  prove  that  the  artificial 
representations  of  the  earth  and  heavens,  on  the  ter- 
-  restrial  and  celestial  globes,  are  the  instruments  the 
best  adapted  to  convey  natural  and  genuine  ideas  of 
astronomy  and  geography  to  young  minds. 

This  superiority  they  derive,  principally,  from 
their  form  and  figure,  which  communicates  a  more 
just  idea,  and  gives  a  more  adequate  representation 
of  the  earth  and  heavens,  than  can  be  formed  frorn 
any  other  figure, 


186  OF   THE    ADVANTAGES 

To  understand  the  nature  of  the  projectiou  of 
either  sphere  in  piano,  requires  more  knowledge  of 
geometry,  than  is  generally  possessed  by  beginners  ; 
its  principles  are  more  rechise,  and  the  solution  of 
problems  more  obscure *". 

The  motion  of  the  earth  upon  its  axis,  is  one  of  the 
most  important  principles  both  in  geometry  and 
astronomy  ;  on  it  the  greater  part  of  the  phenomena 
of  the  visible  world  depends  ;  but  there  is  no  inven- 
tion that  can  communicate  so  natural  a  representation 
of  this  motion,  as  that  of  a  terrestrial  globe  about  its 
axis.  By  a  celestial  globe,  the  apparent  motion  of 
the  heavens,  is  always  represented  in  a  natural  and 
satisfactory  manner. 

In  order  to  convey  a  clear  idea  of  the  various 
divisions  of  the  earth,  of  the  situation  pf  different 
places,  and  to  obtain  an  easy  solution  of  the  various 
problems  in  geography,  it  is  necessary  to  conceive 
many  imaginary  circles  delineated  on  its  surface, 
and  to  understand  their  relation  to  each  other.  Now, 
on  a  globe,  these  circles  have  their  true  form  ;  their 
intersections,  and  relative  positions,  are  visible  upon 
the  most  cursory  inspection.  But,  in  projections  of 
the  sphere  in  piano,  the  form  of  these  circles  is  va- 
ried, and  their  nature  changed  ;  they  are,  conse- 
quently, but  ill  adapted  to  convey,  to  yoiing  minds, 
the  elementary  principles  of  geography. 

On  a  globe,  the  appearance  of  the  land  and  water 

*  See  Kcifh'fi  Ifttrod  uction  to  Plane  anil  Spherical  Trigonometry, 
Svo.  1810.— Edit. 
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is  perfectly  natural  and  continuous,  fitted  to  convey 
accurate  ideas,  and  leave  permanent  impressions  on 
the  most  tender  minds ;  whereas,  in  planispheres, 
one-half  of  the  globe  is  separated  and  disjoined  from 
the  other ;  and  those  parts,  which  are  contiguous  on 
a  globe,  are  here  separated  and  thrown  at  a  distance 
from  each  other.  I'he  celestial  globe  has  the  same 
superiority  over  pirojections  of  the  heavens  in  piano. 

The  globe  exhibits  every  thing  in  true  proportion, 
both  of  figure  and  size  ;  while,  on  a  planisphere,  the 
reverse  may  often  be  observed. 

Presuming  that  these  reasons  sufficiently  evince 
the  great  advantage  of  globes  over  either  planispheres 
or  maps,  for  obtaining  the  first  principles  of  astrono- 
mical and  geographical  knowledge,  I  proceed  to 
point  out  the  pre-eminence  of  globes,  mounted  in  my 
father's  manner,  over  the, common,  or  rather  the  old 
and  Ptolemaic  mode  of  fitting  them  up. 

The  great  and  increasing  sale  of  his  globes, 
mounted  in  the  best  manner,  may  be  looked  upon,  at 
least  as  a  proof  of  approbation,  from  numbers  ;  to 
this,  I  might  also  add,  the  encouragement  they  have 
received  from  the  principal  tutors  of  both  our  uni- 
versities, the  pubhc  sanction  of  the  university  of 
Leyden,  tlje  many  editions  of  my  fathers  treatises 
on  their  use,  and  its  translation  into  Dutch,  &c.  The 
recommendation  of  Messrs.  ^rc?e;?,  IValker,  Burton^ 
&c.  public  lecturers  in  natural  philosophy,  might 
also  be  adduced  ;  but,  leaving  these  considerations, 
J  shall  proceed  to  enumerate  the  reasons  which  give 
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them,  in  my  opinion,  a  decided  preference  over  eveiy 
other  kind  of  mounting*. 

The  earth,  by  its  diurnal  revolution  on  its  axis,  is 
caiTied  round  from  west  to  east.  To  represent  this 
real  motion  of  the  earth,  and  to  solve  problems 
agreeably  thereto,  it  is  necessary  that  the  globe,  in 
the  solution  of  every  problem,  should  be  moved 

*  The  following  note  kom  Mr.  Walker's  Easy  Introduction  to 
Geography,  in  favour  of  my  father's  globes,  will  not,  I  hope,  be 
dccfPccl  in>proper. 

"  ^>iii>plicity  and  perspicuity  should  ever  be  studied  by  those  who 
cultivate  the  young  mind;  and  jarring,  opposing,  or  equivocal  ideas 
should  be  avoided  almost  as  much  as  error  or  falsehood.  Our 
globes,  till  of  late  years,  wore  equipt  with  an  hour  circle,  which 
presented  the  poles  from  sliding  through  the  horizon  ;  hence  their 
rectification  was  generally  for  the  place  on  the  earth,  instead  of 
the  sun's  place  in  the  ecliptic;  which  put  the  globe  into  so  unna- 
tural and  absurd  a  position,  respecting  the  sun,  that  young  people 
■were  confounded  when  they  compared  it  with  the  earth's  positions 
during  its  annual  rotation  round  that  luminary,  and  considering 
<hc  horizon  as  the  boundary  of  day  and  night.  Being,  therefore, 
sometimes  obliged  to  rectify  for  the  place  on  the  earth,  and  some- 
times for  the  sun's  place  in  the  ecliptic,  the  two  rules  clash  so  un- 
Iiap])ily  in  the  pupil's  mind,  that  few  remember  a  single  problem  a 
twelvemonth  after  the  end  of  their  tuition.  Globes,  therefore, 
with  the  horary  circle,  are  but  partially  described  in  this  treatise ; 
tl>e  great  intention  of  w  hich  is,  to  make  the  elevations  and  depres- 
sions of  the  poles  of  a  terrestrial  globe,  to  represent  all  ilie  situa- 
tions the  earth  is  in  to  the  sun,  for  everj'  day  or  hour  through  the 
year.  The  globes  of  Mr.  Adams  are  the  most  fayourable  for  the 
above  mode  of  rectification  of  any  plates  we  have  at  present ;  and, 
to  make  a  quiescent  globe  to  represent  all  the  positions  of  one 
revolving  round  the  sun,  turning  on  an  inclined  axis,  and  keeping 
that  axis  altogether  parallel  to  itself,  his  globes  are  better  adapted 
than  any,  I  believe,  in  being.'* 
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from  west  to  east ;  and  for  this  purpose,  that  the 
divisions  on  the  large  brass  circle  should  be  on  that 
side  which  looks  westward.  Now,  this  is  the  case 
in  my  father's  mode  of  mountmg  the  globes,  and  the 
tutor  can  thereby  explain,  with  ease,  the  rationale 
of  any  problem  to  his  pupil.  But,  in  the  common 
mode  of  mounting,  the  globe  must  be  moved  from 
cast  to  west,  according  to  the  Ptolemaic  system  ; 
and,  consequently,  if  the  tutor  endeavours  to  shew 
how  things  obtain  in  nature,  he  must  make  his  jjupil 
unlearn,  in  a  degree,  what  he  has  taught  him,  and, 
by  abstraction,  reverse  the  method  he  has  instructed 
him  to  use ;  a  practice  that  we  hope  will  not  be 
adopted  by  many. 

The  celestial  globe  being  intended  to  represent  the 
apparent  motions  of  the  heavens,  should  be  moved, 
when  used,  from  east  to  west. 

Of  the  phenomena  to  be  explained  by  the  terres- 
trial  globe,  the  most  material  are  those  which  relate 
to  the  changes  in  the  seasons  ;  all  the  problems  con- 
nected with,  or  depending  upon,  these  phenomena, 
are  explained  in  a  clear,  familiar,  and  natural  man- 
ner, by  the  globe,  when  mounted  in  my  father's 
mode  ;  for,  on  rectifying  it  for  any  particular  day  of 
the  month,  it  immediately  exhibits  to  the  pupil  the 
exact  situation  of  the  globe  of  the  earth  for  that  day; 
and,  while  he  is  solving  his  problem,  the  reason  and 
foundation  of  it,  presents  itself  to  the  e}'e  and  under- 
standing:. 

The  globe  may  also  be  placed  with  ease  in  the  po- 
sition of  a  right  sphere  ;  a  circumstance  exceedingly 
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useful,  and  which  the  old  construction  of  the  glohes 
did  not  admit  of. 

By  the  application  of  a  moveable  meridian,  and 
an  artificial  horizon  connected  with  it,  it  is  easy  to 
explain  why  the  sun,  although  he  be  always  in  one 
and  t}\e  same  place,  appears  to  the  inhabitants 
of  the  earth  at  dilierent  altitudes,  and  in  different 
azinmths,  which  cannot  be  so  readily  d(me  with  the 
common  globes* 

On  the  celestial  olobe  there  is  a  moveable  circle  of 
declination,  w  ith  an  artificial  sun. 

The  bras*?  wires  placed  under  the  globes,  serve  to 
distinguish,  in  a  natural  and  satisfactory  manner, 
twilisrht  from  total  darkness,  and  the  reason  of  the 
length  of  its  duration. 

The  next  point,  wherein  they  materially  differ 
from  other  globes,  is  in  the  hour  circle.  Now,  it 
must  be  confessed,  that  to  every  contrivance  that 
has  been  nsed  for  this  purpose,  there  is  some  objec- 
tion ;  and  probably  no  n]ode  can  be  hit  upon  that 
will  be  perfectly  free  from  them.  The  method 
adopted  by  my  father,  appears  to  me  the  least  excep- 
tionable, and  to  possess  some  advantages  over  every 
other  method  I  am  acquainted  with.  Agreeable 
to  the  opinion  of  the  first  astronomers,  among  others 
of  M.  de  la  Lande,  he  uses  the  equator  for  the  hour 
circle,  not  only  as  the  largest,  but  also  as  the  most 
natural  circle  that  could  be  employed  for  that  })ur- 
pose,  and  by  w  hich,  alone,  the  solution  of  problems 
could  be  obtained  with  the  greatest  accuracy.  As 
on  the  terrestrial  globe,  the  longitude  of  different 
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places  is  reckoned  on  this  circle  ;  and  on  the  celes- 
tial, the  riffht  ascension  of  the  stars,  &c.  it  fami- 
liarizes  the  young  pupil  with  them,  and  their  reduc- 
tion to  time.  This  method  does  not,  in  the  least, 
impede  the  motion  of  the  globe  ;  but,  while  it  affords 
an  equal  facility  of  elevating  either  the  north  or 
south  pole,  it  prevents  the  pupil  from  placing  them 
in  a  wrong  position  ;  while  the  horary  wire  secures 
the  globe  from  falling  out  of  the  frame. 

Another  circumstance  peculiar  to  these  globes,  i^ 
the  mode  of  fixing  the  compass.  It  is  self-evident, 
that  the  tutor,  who  is  willing  to  give  correct  ideas  to 
his  pupil,  should  always  make  him  keep  the  globes 
•\vith  the  north  pole  directed  towards  the  north  pole 
of  the  heavens,  and  that,  both  in  the  solution  of 
problems,  and  the  explanation  of  phenomena.  By 
means  of  the  compass,  the  terrestrial  globe  is  made 
to  supply  the  purpose  of  a  tellurian,  when  such  an 
instrument  is  not  at  hand.  I  cannot  terminate  this 
paragraph,  without  testifying  my  disapprobation  of 
a  mode  adopted  by  some,  of  making  the  globe 
turn  round  upon  a  pin  in  the  pillar  on  which  it  is 
supported  ;  a  mode  that,  while  it  can  give  little 
relief  to  indolence,  is  less  firm  in  its  construction, 
and  tends  to  introduce  much  confusion  in  the  mind 
of  the  pupil. 

In  order  to  prevent  that  confusion  and  perplexity, 
which  necessarily  arises  in  a  young  mind,  when 
names  are  made  use  of  which  do  not  properly  cha- 
racterize the  subject,  my  father  found  it  necessary, 
with  Mr.  HufchlnSp  to  term  that  broad  wooden  cir- 
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cle,  which  supports  the  globe,  and  on  which  the  signs 
of  the  echptic,  and  the  days  of  the  month,  are  en- 
graved, the  hroad  paper  circle,  instead  of  horizon, 
by  which  it  had  been  heretofore  denominated.  The 
propriety  of  this  change,  will  be  evident  to  all  those 
who  consider,  that  this  circle,  in  some  cases,  repre- 
sents that  which  divides  light  from  darkness ;  in 
others,  the  horizon,  and,  sometimes,  the  ecliptic. 
For  similar  reasons,  he  was  induced  to  call  the  brazen 
circle,  in  which  the  globes  are  suspended,  the  strong 
brass  circle. 

In  a  word,  many  operations  may  be  performed  by 
these  globes,  which  cannot  be  solved  by  those 
mounted  in  the  common  manner  ;  while  all  that  they 
can  solve  may  be  performed  by  these,  and  that  with 
a  greater  degree  of  perspicuity  ;  and  many  problems 
may  be  performed  by  these,  at  one  view,  which,  on 
the  other  globes,  require  successive  operations. 

But  as,  notwithstanding  their  su])eriority,  the  dif- 
ference in  price  may  make  some  persons  prefer  the 
old  construction,  it  may  be  proper  to  inform  them, 
that  they  may  have  my  father's  globes  mounted  in 
the  old  mariner,  at  the  usual  prices*. 

*  Our  late  author's  recommendation  and  arguments  herein  given, 
in  favour  of  his  father's  globes,  cannot  now  be  fully  admitted. 
'J'herc  always  have  been  some  few  inconveniences  attcndinf^  hi< 
moJe  of  mounting,  which  is  unnecessary  to  point  out  here.  (.-lobes 
being  machines  of  illustration  and  exemplification  only,  and  not 
designed  for  accurate  calculation,  I  have  always  adopted  and  ad- 
■«iscd  that  mode  of  construction,  Mhich  is  the  most  simple  and 
perspicuous  to  the  beginner,    ia  the  solving  of  the   problems; 
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I  therefore  think  it  very  proper  to  acquaint  the  reader,  that  there 
w^re  lately  completed,  new  sets  of  plates  for  18  and  12-inch 
globes,  under  the  title  of  the  NEW  BRITISH  GLOBES.  It  is 
now  more  than  40  years  since  the  plates  for  the  17-inch  oiSenex^s, 
and  the  18-inch  of  Adamses,  were  engraved-;  and  the  important 
discoveries,  both  geographical  and  astronomical,  that  have  recently 
been  made,  have  afforded  the  opportunity  of  contributing  to  ren- 
der the  above  new  globes  the  most  complete  of  any  extant.  On 
the  terrestrial  are  inserted  all  the  latest  communications  and  places, 
from  authentic  observations,  and  engraved  from  a  drawing  by  Mr. 
Arrojzsmith;  and,  on  the  celestial,  are  placed  near  6000  stars, 
clusters,  planetary  nebula?,  &c.  from  the  latest  observations  of  Dr. 
Maskclyne^  Dr.  Hcrschel,  &c.  as  computed  by  me  for  the  year 
1801,  so  that  these  globes  may  be  considered  as  properly  adapted 
for  the  present  century,  and  to  supersede  all  former  globes..  .Edit. 
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PART  II. 

CONTAINTNC 

A  DESCRIPTION  OF  THE  GLOBES 

MOUNTED  IN  THE  BR  ST  MANNER; 

TOGETHER  WITH  SOMIC  PlHa.IMINARY    DEFINITIONS. 


DEFINITIONS. 
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lEFORE  we  begin  to  describe  tbe  globes,  it  will 
be  proper  to  take  gome  notice  of  the  j)roperties  of  a 
circle,  of  which  a  globe  may  be  said  to  be  constituted. 

A  line  is  generated  by  the  motion  of  a  point. 

Let  there  be  supposed  two  points,  the  one  move- 
able, the  other  fixed. 

If  the  moveable  point  be  made  to  move  directly 
towards  the  fixed  point,  it  will  generate  in  its  mo- 
tion a  straight  line. 

If  a  moveable  point  be  carried  round  a  fixed  point, 
keeping  always  the  same,  distance  from  it,  it  will 
generate  a  circle,  or  some  part  of  a  circle,  and  the 
fixed  point  will  be  the  centpe  of  that  circle. 

All  straight  lines,  going  from  the  centre  of  the 
circumference  of  a  circle,  are  equal. 
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Every  straight  line  that  passes  through  the  centre 
of  a  globe,  and  is  terminated  at  both  ends  by  its  sur- 
face, is  called  a  diameter^ 

The  extremities  of  a  diameter  are  its  poles. 

If  the  circumference  of  a  semicircle  be  turned 
round  its  diameter,  as  on  an  axis,  it  will  generate  a 
globe,  or  sphere. 

The  centre  of  the  semicircle  will  be  the  centre 
of  the  globe ;  and  as  all  points  of  the  generating 
semicircle  are  at  an  equal  distance  from  its  centre, 
so  all  the  points  of  the  surface  of  the  generated 
sphere  are  at  an  equal  distance  from  its  centre. 

DESCRIPTION    OF   THE   GLOBES. 

There  are  two  artificial  globes.  On  the  surface 
of  one  of  them  the  heavens  are  delineated ;  this  is 
called  the  celestial  globe.  The  other,  on  which  the 
surface  of  the  earth  is  described,  is  called  the  ^er- 
restrial  globe. 

Fig,  2,  plate  l6.  represents  the  celestial,  ^^.  1, 
plate  16,  the  terrestrial  globe,  as  mounted  in  my 
father's  manner. 

In  using  the  celestial  globe,  we  are  to  consider 
ourselves  as  at  the  centre. 

In  using  the  terrestrial  globe,  we  are  to  suppose 
ourselves  on  some  point  of  its  surface. 

The  motion  of  the  terrestrial  globe  represents  the 

real  motion  of  the  earth. 

Tl)e  motion  of  the  celestial  globe  represents  the 

apparent  motion  of  the  heavens. 
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The  motion,  therefore,  of  the  celestial  globe,  is  a 
motion  from  east  to  west. 

But  the  motion  of  the  terrestrial  globe  is  a  motion 
from  west  to  east. 

On  the  surface  of  each  globe  several  circles  are  de- 
scribed, to  every  one  of  which  may  be  apphed  what 
has  been  said  of  cij*cles  in  page  ]94. 

The  centre  of  some  of  these  circles  is  the  same 
w  ith  the  centre  of  the  globe  ;  these  are,  by  way  of 
distinction,  called  great  circles. 

Of  these  great  circles,  some  are  graduated. 

The  graduated  circles  are  divided  into  360*^,  or 
equal  parts,  90  of  which  make  a  quarter  of  a  circle, 
or  a  quadrant. 

Those  circles,  whose  centres  do  not  pass  through 
the  centre  of  the  globe,  are  called  lesser  circles. 

The  globes  .are  each  of  them  sus]?ended  at  the 
poles,  in  a  strong  brass  circle,  NZiES,  and  turn 
therein  upon  two  iron  pins,  which  are  the  axis  of 
the  globe ;  they  have  each  a  thin  brass  semicircle 
NHS,  moveable  about  these  poles,  with  a  small  thin 
circle  H  sliding  thereon  :  it  is  quadrated  each  way 
to  90",  from  the  equator  to  either  pole. 

On  the  terrestrial  globe,  this  semicircle  is  a  move- 
able  meridian.  Its  small  sliding  circle,  which  is 
divided  into  a  few  of  the  points  of  the  mariner  s 
compass,  is  called  a  terrestrial,  or  visible  horizon. 

On  the  celestial  globe,  this  semicircle  is  a  move- 
able  circle  of  decliiiation,  and  its  small  brass  circle 
an  artificial  sun,  or  planet. 

Each  globe  has  a  brass  wire  circle,  TWY,  placed 
at  the  limits  of  the  crepusculum,  or  twilight,  which. 
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together  with  the  globe,  is  mounted  in  a  wooden 
frame.  The  upper  part,  BC,  is  covered  with  a 
broad  paper  circle,  whose  plane  divides  the  globe 
into  two  hemis])heres;  and  the  whole  is  supported  by 
a  neat  pillar  and  claw, .  with  a  magnetic  needle  in  a 
compass-box  marked  M,  to  set  the  axes  of  the  globes 
duly  north  and  south. 

A  DESCRIPTION  OF  THE  CIRCLES  DESCRIBED  ON  THE 
BROAD  PAPER  CIRCLE  BC  ;  TOGETHER  WITH  A 
GENERAL   ACCOUNT    OF    ITS    USES. 

It  contains  four  concentric  circular   spaces,  the 
innermost  of  which  is  divided  into  3^0^  and  num- 
leered  into  four  quadrants,  beginning  at  the  east  and 
west  points,  and  proceeding  each  way  to  90',  at  the 
north  and  south  points:  these  are  the  four  cardinal 
points  of  the  horizon »    The  second  circular  space 
contains^  at  equal  distances,  the  thirty-two  points 
of  the  mariners  compass.     Another  circular  space 
i«  divided  into  twjelve  equal  parts,  representing  the 
twelve  signs  of  the  zodiao ;   these  are  again   sub- 
divided into  30  degrees  each,  between  which  are 
engraved  their  names  and  characters.     This  space  is 
connected  with  a  fourth,   which  contains  the  ca- 
lendar of  the  months  and  days  ;   each  day,  on  the 
eigh teen-inch  globes  being  divided  into  four  parts, 
expressing  the  fojir  cardinal  points  of  the  day,  ac^ 
cording  to  the  Julian  reckoning ;  by  which  means 
the  sun's  place  is  very  nearly  obtained  for  the  com- 
mon years  after  bissextile,  and  the  intercalary  day  is 
inserted  without  confusion. 
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In  all  positions  of  the  celestial  globe,  this  broad 
paper  circle  represents  the  plane  of  the  horizon,  and 
distinguishes  the  visible  from  the  invisible  part  of 
the  heavens ;  hut  in  the  terrestrial  globe,  it  is  ap- 
plied to  three  different  uses. 

1.  To  distin'guish  the  points  of  the  horizon.  In 
this  case,  it  represents  the  rational  horizon  of  any 
place. 

2.  It  is  used  to  represent  the  circle  of  illumination^ 
or  that  circle  which  separates  day  from  night. 

3.  It  occasionally  represents  the  ecliptic. 

Of  the  strong  brass  circle  NjfEZS.  One  side  of 
this  strong  brass  circle  is  graduated  into  four  qua- 
drants, each  containing  90  degrees. 

The  numbers  on  two  of  these  quadrants  increase 
from  the  equator  towards  the  poles  ;  the  other  two 
increase  from  the  poles  towards  the  equator. 

Two  of  the  quadrants  are  numbered  from  the 
equator,  to  show  the  distance  of  any  point  on  the 
globe  from  the  equator.  The  other  two  are  num- 
bered from  the  poles,  for  the  more  ready  setting  the 
globe  to  the  latitude  of  any  place. 

The  strong  brass  circle  of  the  celestial  globe  is 
called  the  meridian,  because  the  centre  of  the  sun 
comes  directly  under  it  at  noon. 

But  as  there  are  other  circles  on  the  terrestrial 
globe,  which  are  called  meridians,  we  chuse  to  deno- 
minate this  the  strong  brass  circle,  or  meridian. 

The  graduated  side  of  the  strong  brass  circle,  that 
belongs  to  the  terres^trial  globe,  should  face  the  west^ 


OF  THE    GLOBES.  199 

The  sfraduated  side  of  the  strong:  brazen  meridian 
of  the  celestial  globe,  should  face  the  ecLst. 

On  the  strong  brass  circle  of  the  terrestrial  globe, 
and  at  about  231  degrees  on  each  side  of  the  north 
pole,  the  days  of  eacli  month  are  laid  down  accord- 
ing to  the  declination  of  the  sun. 

Of  the  Horary  Circles,  and  their  Indices.  When 
the  globes  are  mounted  in  my  father  s  manner,  we 
use  the  equator  as  the  hour  pircle ;  because  it  is  not 
only  the  most  natural,  but  also  the  largest  circle  that 
can  be  applied  for  that  purpose. 

To  make  this  circle  answer  the  purpose,  a  semi- 
circular wire  is  placed  over  it,  carrying  two  indices, 
one  on  the  east,  the  other  on  the  west  side  of  the 
strong  brass  circle. 

As  the  equator  is  divided  into  36o°,  or  24  hours, 
the  time  of  one  entire  revolution  of  the  earth,  or  hea- 
vens, the  indices  will  shew  in  what  space  of  time  any 
part  of  such  revolution  is  made  among  the  hours 
which  are  graduated  below  the  degrees  of  the  equator 
on  either  globe. 

As  the  motion  of  the  terrestrial  globe  is  from  west 
to  east,  the  horary  numbers  increase  according  to 
the  direction  of  that  motion :  on  the  celestial  globe 
they  increase  from  the  east  to  the  west. 

Of  the  Quadrant  of  Altitude,  7jA,fg,  1.  This 
is  a  thin,  narrow,  flexible  slip  of  brass,  that  will  bend 
to  the  surface  of  the  globe ;  it  has  a  nut,  with  a  fidu- 
cial line  upon  it,  which  may  be  readily  applied  to 
the  divisions  on  the  strong  brass  meridian  of  either 
globe.     One  edge  of  the  quadrant  is  divided  into 
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90  degrees,  and  the  divisions  are  continued  to  18 
degrees  below  the  horizon. 

OF  SOME  OF  THE  CIRCLES  THAT  ARE  DESCRIBED 
UPON  THE  SURFACE  OF  EACH  GLOBE. 

We  may  suppose  as  many  circles  to  be  described 
on  the  surface  of  the  earth  as  we  please,  and  con- 
ceive them  to  be  extended  to  the  sphere  of  the  hea- 
vens, marking  thereon  concentric  circles  :  for  as  we 
are  obliged,  in  order  to  distinguish  one  place  from 
another,  to  appropriate  names  to  them,  so  are  we 
obliged  to  use  different  circles  on  the  globes,  to 
distinguish  the  parts,  and  their  several  relations  to 
each  other. 

Of  the  Equator,  or  Equinoctial.  This  circle  goes 
round  the  globe  exactly  in  the  middle,  between  the 
two  poles,  from  which  it  always  keeps  at  the  same 
distance ;  or,  in  other  words,  it  is  every  where  90 
degrees  distant  from  each  pole,  and  is,  therefore,  a 
boundary,  separating  the  northern  from  the  southern 
hemisphere ;  hence,  it  is  frequently  called  the  line  by 
sailors ;  and  when  they  sail  over  it,  they  are  said  to 
cross  the  line. 

It  is  that  circle  in  the  heavens  in  which  the  sun 
appears  to  move  on  those  two  dajs,  the  one  in  the 
spring,  the  other  in  the  autumn,  when  the  days  and 
nights  are  of  ?in  equal  length  all  over  the  world;  and 
hence,  on  the  celestial  globe,  it  is  generally  called  the 
equinoctial. 

It  i?  graduated  into  SGo  degrees.     Upon  the  ter- 
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restrial  globe,  the  numbers  increase  from  the  meri- 
dian of  London  westward,  and  proceed  quite  round 
to  360.  They  are  also  numbered  from  the  same 
meridian  eastward,  by  an  upper  row  of  figures,  to 
accommodate  those  who  use  the  Enghsh  tables  of 
latitude  and  longitude. 

On  the  celestial  globe,  the  eqtutorial  degrees  are 
numbered  from  the  first  point  of  Aries  eastward,  to 
360  degrees. 

Under  the  degrees  on  either  globe  is  graduated  a 
circle  of  hours  and  minutes.  On  the  celestial  globe 
the  hours  increase  eastward,  from  Aries  to  XII  at 
Libra,  where  they  begin  again  in  the  same  direction, 
and  proceed  to  XII  at  Aries.  But  on  the  terrestrial 
globe,  the  horary  numbers  increase  by  twice  twelve 
hours  westward  from  the  meridian  of  London  to  the 
same  again. 

In  turning  the  globe  about,  the  equator  keeps 
always  under  one  point  of  the  strong  brass  meridian, 
from  which  point  the  degrees  on  the  said  circle  are 
numbered  both  ways. 

Of  the  Ecliptic.  The  graduated  circle  which 
crosses  the  equator  obliquely,  forming  with  it  an 
angle  of  about  23  >  degrees,  is  called  the  ecliptic. 

This  circle  is  divided  into  twelve  equal  parts,  each 
of  which  contains  thirty  degrees.  The  beginning  of 
each  of  these  thirty  degrees  is  marked  with  the  cha- 
racters of  the  twelve  signs  of  the  zodiac. 

The  sun  appears  always  in  this  circle ;  he  advances 
therein  every  day  nearly  a  degree,  and  goes  through 
xtexactly  in  a  year.  '  / 
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llie  points  where  this  circle  crosses  the  equator 
are  called  the  equinoctial  points.  The  one  is  at  th^ 
beginning  of  Aries,  the  other  at  the  beginning  of 
Libra. 

The  commencement  of  Cancer  and  Capricorn  are 
called  the  solstitial  points. 

The  twelve  signs,  and  their  degrees,  are  laid  down 
on  the  terrestrial  globe;  but  upon  the  celestial  globe, 
the  days  of  each  month  are  graduated  just  under 
the  ecliptic. 

The  ecliptic  belongs  principally  to  the  celestial, 
globe. 

The  time,  or  motions  in  degrees,  pointed  out  on 
the  equator,  by  means  of  the  semicircular  wires  JEO, 
with  two  points  O,  that  are  to  be  occasionally  slid 
on  these  two  wires,  at  the  minute  of  the  hour,  or  the? 
degree  given. 
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ESSAY    II. 

I  ■ 4 

PART  III, 


THE    USE   OF    THE 


TERRESTRIAL  GLOBE, 

MOUNrEP  IN  THE  BEST  MANNER. 


OF  LONGITUDE  AND  LATITUDE,  OF  TERRESTRIAL  ME 
RIDIANS,  AND  THE  PROBLEMS  RELATING  TO  LON- 
GITUDE  AND    LATITUDE. 


M: 


ERIDIANS  are  circular  lines,  going  over  the 
earth's  surface,  from  one  pole  to  the  other,  and 
crossing  the  equator  at  right  angles. 

Whatever  places  these  circular  lines  pass  through, 
in  going  from  pole  to  pole,  they  are  the  meridians  of 
those  places. 

There  are  no  places  upon  the  surface  of  the  earth, 
through  which  meridians  may  not  be  conceived  to 
pass.  Every  place,  therefore,  is  supposed  to  have  a 
meridian  line  passing  over  its  zenith  from  north  to 
south,  and  going  through  the  poles  of  the  world. 

Thus,  the  meridian  of  Paris  is  one  meridian  ;  the 
meridian  of  London  is  another.  This  variety  of 
meridians  is  satisfactorily  represented  on  the  globe, 
by  the  moveable  meridian,  which  may  be  set  to  every 
individual  point  of  the  equator,  and  put  directly 
oyer  any  particular  place. 
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Whensoever  Ave  move  towards  the  east  or  west,  we 
change  our  meridian;  but  we  do  not  change  our 
meridian  if  we  move  directly  to  the  north  or  south. 

The  moveable  meridian  shews  that  the  poles  of  the 
earth  divide  every  meridian  into  two  semicircles,  one 
of  which  passes  through  the  place  whose  meridian  it 
is,  the  other  through  a  point  on  tlie  earth,  opposite 
to  that  place. 

Hence  it  is,  that  writers  in  geography  and  astro- 
nomy generally  mean  by  the  meridian  of  any  place, 
the  semicircle  which  passes  through  that  place ; 
these,  therefore^  may  be  called  the  geographical 
meridians. 

All  places  lying  under  the  same  semicircle,  are 
said  to  have  the  same  meridian  ;  and  the  semicircle 
opposite  to  it,  is  called  the  opposite  meridian,  or 
sometimes  the  opposite  part  of  the  meridian. 

From  the  foregoing  definitions,  it  is  clear  that  the 
meridian  of  any  place  is  immoveably  fixed  to  that 
place,  and  is  carried  round  along  with  it  by  the  rota- 
tion of  the  globe. 

When  the  meridian  of  any  place  is  by  the  revo- 
lution of  the  earth  brought  to  point  at  the  sun,  it  la 
noon,  or  mid-day,  at  that  place. 

The  plane  of  the  meridian  of  any  place  maybe  ima* 
gined  to  be  extended  to  the  sphere  of  the  fixed  stars. 

When,  by  the  motion  of  the  eartli,  the  plane  of 
a  meridian  comes  to  any  point  in  the  heavens,  as  the 
sun,  moon,  Sec.  that  point,  &c.  is  then  said  to  come 
to  the  meridian.  It  is  in  this  sense  that  we  generally 
use  the  expression  of  the  sun  or  stars  coming  to,  or 
passing  over  the  meridian. 
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The  time  which  elapses  between  the  noon  of  any- 
one day,  in  a  given  place,  and  the  noon  of  the  day- 
following  in  the  same  place,  is  called  a  natural  day. 

All  jjlaces  which  lie  under  the  same  meridian,  have 
their  noon,  and  every  other  hour  of  the  natural  day, 
at  the  same  time.  Thus,  when  it  is  one  in  the  after- 
noon at  London,  it  is  also  one  in  the  afternoon  at 
e/eiy  place  under  the  meridian  of  London. 

In  order  to  ascertain  the  situation  of  any  point, 
there  must  first  be  a  settled  part  of  the  earth's  sur- 
face, from  which  to  measure  ;  and  as  the  point  to 
be  ascertained  may  lie  in  any  part  of  the  earth's  sur- 
face, and  as  this  surface  is  spherical,  the  place  from 
whence  we  measure  must  be  a  circle.  It  would  be 
necessary,  however,  to  establish  two  such  circles  ; 
one  to  know  how  far  any  place  may  be  east  or  west 
jof  another,  the  second  to  know  its  distance  north  or 
south  of  the  given  point,  and  thus  determine  its 
precise  situation. 

Hence,  it  has  been  customary  for  geographers 
to  fix  upon  the  meridian  of  some  remarkable  place, 
as  a  first  meridian,  or  standard;  and,  to  reckon  the 
distance  of  any  place  to  the  east  or  west,  or  its  lon- 
gitude, by  its  first  distance  from  the  first  meridian. 

On  English  globes,  this  first  meridian  is  made  to 
pass  through  London.  The  position  of  this  first 
meridian  is  arbitrary,  because  on  a  globe,  properly 
speaking,  there  is  neither  beginning  nor  end.  The 
first  person,  (whose  works,  at  least,  are  come  down 
to  us)  who  computed  the  distance  of  places  by  lon- 
gitudes and  latitudes,  was  Ptolemy,  about  the  year 
after  Christ  140. 
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The  longitude  of  any  place  is  its  distance  from  the 
first  meridian,  measured  by  degrees  on  the  equator. 

To  find  the  longitude  of  a  phice,  is  to  find  what 
degree  on  the  equator  the  meridian  of  that  place 
crosses. 

All  places  that  lie  under  the  same  meridian,  are 
said  to  have  the  same  longitude ;  all  places  that  lie 
under  chflTerent  meridians,  are  said  to  have  diflferent 
longitudes  ;  this  difference  may  be  east  or  west,  and, 
consequently,  the  difference  of  longitude  between 
any  two  places,  is  the  distance  of  their  meridians 
from  each  other,  measured  on  the  equator. 

Tlius,  if  the  meridian  of  any  place  cuts  the  equa- 
tor in  a  point,  which  is  fifteen  degrees  east  from  that 
point,  where  the  meridian  of  London  cuts  the  equa- 
tor, that  place  is  said  to  differ  from  London  in  lon- 
gitude 15  degrees  eastward. 

Upon  the  terrestrial  globe,  there  are  24  meridians, 
dividing  the  equator  into  24  equal  parts,  which  are 
the  hour  circles  of  the  places  through  which  they 
pass. 

The  distance  of  these  meridians  from  each  other 
is  15  degrees,  or^he  24th  part  of  3G0xlegrees;  thus, 
1 5  degrees  is  equal  to  one  hour. 

By  the  rotation  of  the  eartli,  tlfe  plane  of  every 
meridian  points  at  the  sun,  one  hour  after  that  me- 
ridian which  is  next  to  it  eastward  ;  and  thus  they 
successively  point  at  the  sun  every*hour,  so  that  the 
planes  of  the  24  meridian  semicircles  being  extended, 
j)ass  through  the  sun  in  a  natural  day. 

To  illustrate  this,  suppose  the  plane  of  the  strong 
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brass  meridian  to  coincide  with  the  sun,  bring  Lon- 
don to  this  meridian,  and  then  move  the  o^lobe 
round,  and  you  will  find  these  24  meridians  suc- 
cessively pass  under  the  strong  brass  meridian,  at 
one  hour's  distance  from  each  other ;  till  in  24  hours 
the  earth  will  return  to  the  same  situation,  and  the 
meridian  of  London  will  again  coincide  with  the 
strong  brass  circle. 

By  passing  the  globe  round,  as  in  the  foregoing 
article,  it  will  be  evident  to  the  pupil,  that  if  one 
of  these  meridians,  fifteen  degrees  east  of  London, 
comes  to  the  strong  brass  meridian,  or  points  at  the 
sun  one  hour  ;sooner  than  the  meridian  of  London, 
a  meridian  that  is  30  degrees  east,  comes  two  hour's 
sooner,  and  so  on  ;  and,  consequently,  they  will 
have  noon,  and  every  other  hour,  so  much  sooner 
than  at  London  ;  while  those,  whose  meridian  is  1 5 
degrees  westward  from  London,  will  have  noon,  and 
every  other  hour  of  the  day,  one  hour  later  than  at 
London,  and  so  on,  in  proportion  to  the  difference 
of  longitude.  These  definitions  being  well  under- 
stood, the  pupil  will  be  prepared  not  only  to  solve, 
but  see  the  rationale  of  the  following  problems. 

Pkoblem  1.  To  find  the  longitude  of  any  i^lace  on 
the  globe. 

The  reader  will  find  no  difficulty  in  solving  this 
problem,  if  he  recollects  the  definition  we  have 
given  of  the  word  longitude,  namely,  that  it  is  the 
distance  of  any  place  frgm  the  first  meridian  mea- 
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sured  on  the  equator.  Therefore,  either  set  tlie 
moveable  meridian  to  the  place,  or  bring  the  place 
nnder  the  strong  brass  meridian,  and  that  degree 
of  the  equator,  which  is  cut  by  either  of  the  brazen 
meridians,  is  the  longitude  in  degrees  and  minutes, 
or  the  hour  and  minute  of  its  longitude,  expressed 
in  time. 

As  the  given  place  may  lie  either  east  or  west  of 
the  first  meridian,  the  longitude  may  be  expressed 
accordingly. 

It  appears  most  natural  to  reckon  the  longitude 
always  westward  from  the  first  meridian  ;  but  it  is 
customary  to  reckon  one-half  round  the  globe  east- 
wiyd,  the  other  half  westward  from  the  first  meri- 
dian. To  accommodate  those  who  may  prefer  either 
of  these  plans,  there  are  two  sets  of  numbers  on  our 
globes  :  the  numbers  nearest  the  equator  increase 
westward,  from  the  meridian  of  London,  quite  round 
the  globe  to  36o%  over  which  another  set  of  numbers 
is  engraved,  which  increase  the  contrary  way  ;  so 
that  the  longitude  may  be  reckoned  upon  the  equa- 
tor, either  east  or  west. 

Example.  Bring  Boston,  in  New  England,  to  the 
graduated  edge  of  either  the  strong  brass,  or  of  the 
moveable  meridian^  and  you  will  find  its  longitude  in 
degrees  to  be  70^,  or  4  hours  42  minutes  in  time  ; 
Rome,  121  degrees  east,  or  50  minutes  in  time; 
Charles-Town,  North- Am  erica,  is  79  degrees  50 
minutes  west. 
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Problem  ii.     To  Jind  the  difference  of  longitude 
between  any  two  places. 

If  the  pupil  understands  what  is  meant  by  the  dif- 
ference of  longitude,  the  rule  for  the  solution  of  this 
problem  will  naturally  occur  to  his  mind.  ISow  the 
difference  of  longitude  between  any  two  places  is 
the  quantity  of  an  angle  (at  the  pole)  made  by  the 
meridians  of  those  places  measured  on  the  equator. 
To  express  this  angle  upon  the  globe,  bring  the 
moveable  meridian  to  one  of  the  places,  and  the  other 
place  under  the  strong  brass  circle,  and  the  required 
angle,  is  contained  between  these  two  meridians, 
the  measure  or  quantity  of  which  is  to  be  counted  on 
the  equator. 

Example.  I  find  the  longitude  of  Rome  to  be 
]  2|  east,  that  of  Constantinople  to  be  29  ;  the  dif- 
ference is  17y  degrees.  Again,  I  find  JeiTisalem  has 
35  degrees  25  mkiutes  east  longitude  from  London ; 
and  Pekin  in  China,  II6  degrees  52  minutes  east 
longitude  ;  the  difference  is  81  degrees  2*J  njinutes ; 
that  is,  Pekin  is  81  degrees  2/  minutes  east  longi- 
tude from  Jerusalem  ;  or  Jerusalem  is  8 1  degrees 
27  minutes  west  longitude  from  Pekin. 

If  one  place  is  east,  and  the  other  west  of  the 
first  meridian,  either  find  the  longitude  of  both 
places  westward,  by  that  set  of  numbers  which  in- 
crease w^estward  from  the  meridian  of  London  to 
360  degrees;  and  the  difference  between  the  number 
thus  found,  is  the  ans^ver  to  the  question  :  or,  add 
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the  cast  and  west  longitudes,  and  the  sum  is  thedif- 
ference  of  longitude  ;  thus  the  longitude  of  Rome  is 
1 2  degrees  30  minutes  east  of  Charles-Town,  79  de- 
grees 50  minutes  west;  their  sum,  91  degrees  20 
minutes,  is  the  difference  required. 

It  may  be  proper  to  observe  here^  that  the  differ^ 
ence  in  time  is  the  same  with  the  difference  of  longi- 
tude;  consequently,  that  some  of  the  following 
problems  are  only  particular  cases  of  this  problem, 
or  readier  modes  of  computing  this  difference. 

Problem  hi.  To  Jind  all  those  places  ivhere  it 
is  noon,  at  any  given  hour  of  the  day,  at  any  given 
place.  ^ 

General  rule.  Bring  the  given  place  to  the  brass 
meridian,  and  set  the  index  to  the  uppermost  XII ; 
then  turn  the  globe  till  the  index  points  to  the  given 
hour,  and  it  will  be  noon  to  all  the  places  under  the 
meridian. 

As  the  diurnal  motion  of  the  earth  is  from  west 
to  east,  it  is  plain  that  all  places  which  are  to  the 
east  of  any  meridian,  must  necessarily  pass  by  the 
sun  before  a  meridian,  which  is  to  the  west^  can  ar- 
rive at  it. 

N.  B.  As  in  my  father  s  globes,  the  XII,  or  first 
meridian,  passes  through  London,  you  have  only  to 
brin^  the  given  hour  to  the  east  of  London,  if  in  the 
morning,  to  the  brass  meridian,  and  all  those  place? 
whi(^h  are  under  it,  will  have  noon  at  the  given  hour; 
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but,  bring  the  given  hour  westward  of  London,  if  it 
be  in  the  afternoon. 

When  it  is  4  hours  50  minutes  in  the  afternoon 
at  Paris,  it  is  noon  at  New  Britain,  New  England, 
St.  Domingo,  Terra  Firma,  Peru,  Chih,  and  Terra 
del  Fuego. 

When  it  is  7  hours  50  minutes  in  the  morning  at 
Ispahan,  it  is  noon  at  the  middle  of  Siberia,  Chinese 
Tartary,  China,  Borneo. 

Problem  iv.  When  it  is  noon  at  any  place,  to  find 
what  hour  of  the  day  it  is  at  any  other  place. 

Rule.  Bring  the  place  at  which  it  is  noon  to  the 
strong  brass  meridian,  and  set  the  hour  index  to 
tlie  uppermost  XII,  and  then  turn  the  globe  about 
till  the  other  place  comes  under  the  strong  brass 
meridian,  and  the  hour  index  will  shew  upon  the 
equator  the  required  hour.  If  to  the  eastward  of 
the  place  where  it  is  noon,  the  hour  found  will  be  in 
the  afternoon  ;  if  to  the  westward,  it  will  be  in  the 
forenoon. 

Thus,  when  it  is  noon  at  London,  it  is  60  minutes 
past  XII  at  Rome;  32  minutes  past  VII  in  the  even- 
ing at  Canton,  in  China ;  1 5  minutes  past  VII  in 
the  morning  at  Quebec,  in  Canada. 

Problem  v.  The  hour  being  given  at  any  place,  to 
tell  ivhat  hour  it  is  in  any  other  part  of  the  world. 

Rule.  Bring  the  place  where  the  time  is  required 


212  OF    LATITUDE. 

tinder  the  strong  brass  meridian,  set  the  hour  index 
to  the  given  time,  then  turn  the  glol)e,  till  the  other 
place  is  under  the  brass  meridian,  and  the  horary 
index  will  point  to  the  hour  required. 

Thus,  suppose  we  are  at  London  at  IX  o'clock  in 
the  morning,  what  is  the  time  at  Canton,  in  China? 
Answer,  31  minutes  past  IV  in  the  afternoon.  When 
it  is  IX  in  the  evening  at  London,  it  is  about 
15  minutes  past  IV  in  the  afternoon  at  Quebec,  in 
Canada. 

Thus,  also,  when  it  is  III  in  the  afternoon  at 
London,  it  is  IS  minutes  past  X  in  the  forenoon 
at  Boston.  When  it  is  VI  in  the  morning  at  the 
Cape  of  Good  Hope,  it  is  7  minutes  after  midnight 
at  Quebec. 

OF    LATITUDE. 

1  have  always  observed,  that  the  equator  divides 
the  globe  into  two  hemispheres,  the  northei'n  and 
the  southern. 

The  latitude  of  a  place  is  its  distance  from  the 
equator  towards  the  north  or  south  pole,  measured 
by  degrees  upon  the  meridian  of  the  place. 

All  places,  therefore,  that  lie  under  the  equator, 
are  said  to  have  no  latitude. 

All  other  places  upon  the  earth,  are  said  to  be  in 
north  or  south  latitude,  as  they  are  situated  on  the 
north  or  south  side  of  the  equator ;  and  the  latitude 
of  any  place  will  be  greater  or  less,  according  as  it  is 
further  from,  or  nearer  to  the  equator. 


OF    LATITUDE.  213 

Lines,  wliich  keep  always  at  the  same  distance 
from  each  other,  are  called  parallels. 

If  a  circle,  or  circular  line,  be  conceived  keeping 
at  the  same  distance  from  the  equator,  it  will  be  a 
parallel  to  the  equator. 

Circles  of  this  kind  are  commonly  drawn  on  the 
jterresti'ial  globe,  on  both  sides  of  the  equajtor. 

A  circle  of  this  kind,  at  10  degrees  from  the  equa- 
tor, is  called  a  parallel  of  10  degrees. 

When  any  such  parallel  passes  though  two  places 
on  the  globe's  surface,  those  two  places  have  the  same 
Jatitude. 

Hence,  parallels  to  the  equator  are  called  parallels 
of  latitude. 

There  are  four  principal  lesser  circles  parallel  to 
the  equator,  which  divide  the  globe  into  five  unequal 
parts,  called  zones. 

The  circle  on  the  north  side  of  the  equator  is 
called  the  tropic  of  Cancer;  it  just  touches  the  north 
part  of  the  ecliptic,  and  shews  the  path  the  sun 
/  appears  to  describe,  the  longest  day  in  summer. 

That  which  is  on  the  south  side  of  the  equator 
is  called  the  tropic  of  Capricorn ;  it  just  touches 
the  south  part  of  the  ecliptic,  and  shews  the  path 
the  sun  appears  to  describe,  the  shortest  day  in 
winter. 

The  space  between  these  two  tropics,  which  con- 
tains about  47  degrees,  was  called  by  the  ancients 
the  torrid  zone. 

The  two  polar  circles  are  placed  at  the  same  disr 
O  3 
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tance  from  the  poles,  that  the  two  tropics  are  from 
the  equator. 

One  of  these  is  called  the  northet^n,  the  other  the 
soufhern  polar  circle. 

These  include  23  i  degrees  on  each  side  of  their 
respective  poles  ;  and,  consequently,  contain  4/ 
degrees,  equal  to  the  number  of  degrees  included 
between  the  tropics. 

The  space  contained  within  the  northern  polar 
circle  was,  by  the  ancients,  called  the  north  frigid 
zone ;  and  that  within  the  southern  polar  circle,  the 
south  frigid  zone. 

The  spaces  between  either  polar  circle,  and  its 
nearest  tropic,  which  contain  about  43  degrees  each, 
were  called  by  the  ancients  the  two  temperate  zones. 

Problem  vi.   Tofnd  the  latitude  of  any  places 

If  the  pupil  comprehends  the  foregoing  definition, 
he  will  find  no  difficulty  in  the  solution  of  this  and 
some  of  the  following  problems. 

Rule,  Bring  the  place  to  the  graduated  side  of  the 
strong  brass  meridian,  and  the  degree  which  is  over 
it  is  the  latitude.  Thus,  London  will  be  found  to 
have  51  degrees  30  minutes  north  latitude;  Con- 
stantinople, 41  degrees  north  latitude  ;  and  the  Cape 
of  Good  Hope,  34  degrees  south  latitude. 
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Problem  vii.  To  find  all  those  places  which 
have  the  same  latitude  with  any  given  place* 

Suppose  the  given  place  to  be  London  ;  turn  the 
globe  rounds  and  all  those  places  which  pass  under 
the  same  point  of  the  strong  brass  meridian,  are  in 
the  same  latitude.  » 


Problem  viii.  To  find  the  difference  of  latitude 
between  two  places. 

Rule.  If  the  places  be  in  the  same  hemisphere, 
bring  each  of  them  to  the  meridian,  and  subtract  the 
latitude  of  one  from  the  other.  If  they  are  in  diffe- 
rent hemispheres,  add  the  latitude  of  one  to  that  of 
the  other. 

Example.  The  latitude  of  London  is  51  degrees 
32  minutes,  that  of  Constantinople  41  degrees  ;  their 
difference  is  10  degrees  32  minutes.  The  difference 
between  London,  51  degrees  32  minutes  north,  and 
the  Cape  of  Good  Hope,  34  degrees  south,  is  84 
degrees  32  minute^, 

Problem  ix.  The  latitude  and  longitude  oj 
any  place  being  known,  to  find  that  place  upon  the 
globe. 

Rule.  Seek  for  the  given  longitude  in  the  equator, 
and  bring  the  moveable  meridian  to  that  point ;  then 
count  from  the  equator  on  the  meridian  the  degree 
of  latitude  either  towards  the  north  or  south  pole^ 

o  4 


21b'  OF    FINDING   THE   LONGITUDE. 

and  bring  the  artificial  horizon  to  that  degree,  an<l 
the  intersection  of  its  edge  with  the  meridian  is  the 
situation  required. 

By  tliis  problem,  any  place  not  represented  on  the 
globe  may  be  laid  down  thereon,  and  it  may  be  seen 
where  a  ship  is,  when  its  latitude  and  longitude  are 
known. 

Example.  The  latitude  of  Smyrna,  in  Asia,  is 
38  degrees  28  minutes  north;  its  longfitude  27  de- 
degrees  30  minutes  east  of  London  ;  therefore,  bring 
27  degrees  30  minutes  counted  eastward  on  the 
equator,  to  the  moveable  meridian,  and  slide  the 
diameter  of  the  artificial  horizon  to  38  degrees  28 
minutes  north-latitude,  and  its  centre  will  be  cor- 
rectly placed  over  Smyrna. 

It  may  be  proper,  in  this  place,  just  to  shew  the 
pupil,  that  the  latitude  of  any  place  is  always  equal 
to  the  elevation  of  the  pole  of  the  same  place  above 
the  horizon.  The  reason  of  this  is,  that  from  the 
equator  to  the  pole  are  90  degrees,  from  the  zenith 
to  the  horizon  are  also  90  degrees  ;  the  distance  of 
the  zenith  to  the  pole  is  common  to  both  ;  and, 
therefore,  if  taken  away  from  both,  must  leave  equal 
remains  ;  that  is,  the  distance  from  the  equator  to 
the  zenith,  which  is  the  latitude,  is  equal  to  the  ele- 
vation of  the  pole. 

OF    FINDING    THE    LONGITUDE. 

As  the  finding  the  longitude  of  places  forms  one 
of  the  most  important  problems  in  geography  and 
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astronomy,  some  further  account  of  it,  it  is  pre- 
sumed, will  prove  entertaining  and  useful  to  the 
reader. 

"  For  what  can  be  more  interesting  to  a  person 
in  a  long  voyage,  than  to  be  able  to  tell  upon  what 
part  of  the  globe  he  is,  to  know  how  far  he  has 
travelled,  what  distance  he  has  to  go,  and  how  he 
must  direct  his  course  to  arrive  at  the  place  he 
designs  to  visit  ?  These  important  particulars  are 
all  determined  by  knowing  the  latitude  and  lon- 
gitude of  the  place  under  consideration.  When 
the  discovery  of  the  compass  invited  the  voyager 
to  quit  liis  native  shore,  and  venture  himself  upon 
an  unknown  ocean,  that  knowledge,  which  before 
he  deemed  of  no  importance,  now  became  a  matter 
of  absolute  necessity.  Floating  in  a  frail  vessel, 
upon  an  uncertain  abyss,  he  has  consigned  himself 
to  the  mercy  of  the  winds  and  waves,  and  knows 
not  where  he  is ''<=." 

The  following  instance  will  prove  of  what  use  it 
is  to  know  the  longitude  of  places  at  sea.  The 
editor  of  Lord  Anson  s  voyage,  speaking  of  the 
island  of  Juan  Fernandez,  adds,  "  The  uncertainty 
we  were  in  of  its  position,  and  our  standing  in  for 
the  main  on  the  28th  of  May,  in  order  to  secure  a 
sufficient  easting,  when  we  were,  indeed,  extremely 
near  it,  cost  us  the  lives  of  between  *J0  and  80  of 
our  men,  by  our  longer  continuance  at  sea ;  from 
which  fatal  accident  we  might  have  been  exempted, 

*  Bonni/casile's  Astronomy. 
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had  we  been  furnished  with  such  an  account  of  its 
situation,  as  we  could  fully  hav^  depended  on." 

The  latitude  of  a  place  the  sailor  can  easily  dis- 
cover  ;  but  the  longitude  is  a  subject  of  the  utmost 
difficulty,  for  the  discovery  of  which  so  many  me- 
thods have  been  devised.  It  is,  indeed,  of  so  great 
consequence,  that  the  Parliament  of  Great  Britain 
proposed  a  reward  of  10,000/.  if  it  extended  only  to 
one  degree  of  a  great  circle,  or  6o  geographical  miles; 
15,000^.  if  found  to  40  such  miles ;  and  20,000/.  to 
the  person  that  can  find  it  within  30  minutes  of  a 
great  circle,  or  30  g-eographical  miles. 

As  I  cannot  enter  fully  into  this  subject  in  these 
Essays,  it  will,  I  hope,  be  deemed  sufficient,  if  I 
give  such  an  account  as  will  enable  the  reader  to 

o 

form  a  general  idea  of  the  solution. of  this  important 
problem. 

From  what  has  been  seen  in  the  preceding  pages, 
it  is  evident  that  1 5  degrees  in  longitude  answer  to 
one  hour  in  time ;  and,  consequently,  that  the  longi- 
tude of  any  place  would  be  known,  if  we  knew 
their  difference  in  time ;  or,  in  other  words,  how 
much  sooner  the  sun,  &c.  arrives  at  the  meridian  of 
one  place,  than  that  of  another.  The  hours  and 
degrees  being,  in  this  respect,  commensurate,  it  is 
as  proper  to  express  the  distance  of  any  place  in  time 
as  in  degrees. 

Now  it  is  clear,  that  this  difference  in  time  would 
be  easily  ascertained  by  the  observation  of  any  in- 
stantaneous appearance  in  the  heavens,  at  two 
distant  places  ;  for,  the  difference,  in  time,  at  which 
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the  same  phenomenon  is  observed,  will  be  the  dis- 
tance of  tlie  two  places  from  each  other  in  longitude. 
On  this  principle,  most  of  the  methods  in  general 
use  are  founded. 

Thus,  if  a  clock,  or  watch,  was  so  contrived,  as 
to  go  uniformly  in  all  seasons,  and  in  all  places ; 
such  a  watch  being  regulated  to  London  time,  would 
always  shew  the  time  of  the  day  at  London ;  then, 
the  time  of  the  day  under  any  other  meridian  being 
found,  the  difference  between  that  time,  and  the  cor- 
responding London  time,  would  give  the  difference 
in  longitude. 

For,  suppose  any  person,  possessed  of  one  of  these 

time-pieces,  to  set  out  on  a  journey  from  London, 

if  his  time-piece  be  accurately  adjusted,  wherever 

he  is,  h^  will  always  know  the  hour  at  London 

exactly  ;  and  when  he  has  proceeded  so  far  either 

eastward  or  westward,  that  a  difference  is  perceived 

betwixt  the  hour   shewn  by  his   time-piece,    and 

those  of  the  clocks  and  watches  at  the  places  to 

which  he  goes,  the  distance  of  those  places  from 

London  in  longitude  will  be  known.     But  to  what- 

ever  degree  of  perfection  such  movements  may  be 

made,  yet,  as  every  mechanical  instrument  is  liable 

to  be  injured  by  various  accidents,  other  methods 

are  obliged  to  be  used,  as  the  eclipses  of  the  sun  and 

moon,  or  of  Jupiter  s  satellites.     Thus,  supposing 

the  moment  of  the  beginning  of  an  eclipse  was  at 

ten  o'clock  at  night  at  London,  and  by  account  from 

two  observers  in  two  other  places,  it  appears  that  it 

began  with  one  of  them  at  nine  o'clock,  and  with 
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the  other  at  midnight ;  it  is  plain,  that  the  place 
where  it  began  at  nine  is  one  hour,  or  15  degrees, 
east  in  longitude  from  London  ;  the  other  place 
where  it  began  at  midnight,  is  30  degrees  distant 
in  west  longitude  from  London.  Eclipses  of  the 
sun  and  moon  do  not,  however,  happen  often  enough 
to  answer  the  purposes  of  navigation  ;  and  the  mo- 
tion of  a  ship  at  sea  prevents  the  observations  of 
those  of  Jupiter's  satellites. 

If  the  place  of  any  celestial  body  be  computed  ; 
for  example^  as  in  an  almanack,  for  every  day,  or  to 
parts  of  days,  to  any  given  meridian,  and  the  place 
of  this  celestial  body  can  be  found  by  observation 
at  sea,  the  diiFerence  of  time  between  the  time  of 
observation,  and  the  computed  time,  will  be  the 
difference  of  longitude  in  time.  The  moon  is 
found  to  be  the  most  proper  celestial  object,  and  the 
observation  of  her  appulses,  to  any  fixed  star,  isf 
reckoned  one  of  the  best  methods  for  resolving  this 
difficult  problem. 


LENGTH  OF  THE  DEGREES  OF  LONGITUDE, 

Supposing  the  earth  to  be  a  perfect  globe ;  the 
length  of  a  degree  upon  the  meridian  has  been  esti- 
mated to  be  G9,l  miles;  but  as  the  earth  is  an  oblate 
spheroid,  the  length  of  a  degree  on  the  equator  will 
be  somewhat  greater. 

Whether  the  earth  be  considered  as  a  spheroid  or 
a  globe,  all  the  meridians  intersect  one  another  at  the 
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poles.  Therefore,  the  number  of  miles  in  a  degree 
must  always  decrease  as  you  go  north  or  south  from 
the  equator.  This  is  evident  by  inspection  of  a 
globe,  where  the  parallels  of  latitude  are  found  to  be 
smaller  in  proportion,  as  they  are  nearer  the  pole 
Hence  it  is,  that  a  degree  of  longitude  is  no  where 
the  same,  but  upon  the  same  parallel ;  and  that  a 
degree  of  longitude  is  equal  to  a  degree  of  latitude 
©nly  upon  the  equator. 

The  following  table  shews  how  many  geographical 
miles,  and  decimal  parts  of  a  mile,  would  be  con- 
tained in  a  degree  of  longitude,  at  each  degree  of  la- 
titude from  the  equator  to  the  poles,  if  the  earth  was 
a  perfect  sphere,  and  the  circumference  of  its  equi- 
noctial line  360  degrees,  and  each  degree  60  geo- 
graphical miles. 

This  table  enables  us  to  determine  the  velocity 
w  ith  which  places  upon  the  globe  revolve  eastward  ; 
for  the  velocity  is  different,  according  to  the  distance 
of  the  places  from  the  equator,  being  swiftest  as 
passing  through  a  greater  space,  and  so,  by  degrees, 
slower  towards  the  pole,  as  passing  through  a  less 
space  in  the  same  time.  Now,  as  every  part  of  the 
earth  is  moved  through  the  space  of  its  circum- 
ference, or  360  degrees,  in  24  hours ;  the  space 
described  in  one  hour,  is  found  by  dividing  36o  by 
24,  which  gives  in  the  quotient  1 5  degrees ;  and  so 
many  degrees  does  every  place  on  the  earth  move  in 
an  hour.  The  number  of  miles  contained  in  so 
many  degrees,  in  any  latitude,  is  readily  found  from 
the  table. 
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Thus,  under  the  equator  places  revolve  at  the.  rate 

of  more  than  1000  miles  in  an  hour;  at  London,  at 

the  rate  of  about  640  miles  in  an  hour. 

TABLE. 

LAT.  LAT.                          LAt. 

Deg.      Miles.  Dcg»     MHat.  Deg,  Milea* 

00  60,00  31      51,43  62  28,17 

1  59,99  32      50,88  63  27,24 

2  59,96  33      50,32  64  26,30 

3  59,92  34      49,74  65  25,36 

4  59,86  35      49,15  66  24,41 

5  59,77  36      48,54  67  23,45 

6  69,67  37      47,92  6S  22,48 

7  59,56  38      47,28  69  21,50 

8  59,42  39      46,62  70  20,52 
^  59,26  40      45,95  71  19,54 

10  59,08  41      45,28  72  18,55 

11  58,89  42      44,59  73  17,54 

12  58,68  43      43,88  74  l6,53 

13  58,46  44      43,16  75  15,52 

14  58,22  45      42,43  76  14,51 

15  57^95  46     41,68  77  13,50 

16  57,67  47  40,92  78  12,47 

17  57,37  48   40,15  79  11,45 

18  57,06  .  49  39,36  80  10,42 

19  56,73  50  38,57  81  9,38 

20  56,38  51   37,76  82  8^5 

21  56,01  52  36,94  83  7,32 

22  55,63  53  36,11  84  6,28 

23  55,23  54  35,26  85  b,23 

24  54,81  55  34,41  86  4,18 

25  54,38  56  33,55  87  3,14 

26  53,93  57  32,68  88  2,09 

27  53,46  58  31,79  89  1,05 

28  52,97  59  3090  90  0,00 

29  52,47  60  30,00 
oO  51,96  61   29,09 
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Another  circumstance  which  arises  from  this  dif- 
ierence  of  meridians  in  time^  must  detain  us  a  little 
before  we  quit  this  subject.  For,  from  this  dif- 
ference it  follows,  that  if  a  ship  sails  round  the 
world,  always  directing  her  course  eastward,  she 
will,  at  her  return  home,  find  she  has  gained  one 
whole  day  of  those  that  stayed  at  home  ;  that  is,  if 
they  reckon  it  May  1,  the  ship's  com]:)any  will 
reckon  it  May  2  ;  if  westward,  a  day  less,  or 
April  30. 

This  circumstance  has  been  taken  notice  of  by 
navigators.  "  It  was  during  our  stay  at  Mindanao, 
(says  Captain  Dampier)  that  we  were  first  made  sen- 
sible of  the  change  of  time  in  the  course  of  our  voy- 
age :  for,  having  travelled  so  far  westward,  keeping 
the  same  course  with  the  sun,  we,  consequently, 
have  gained  something  insensibly  in  the  length  of 
the  particular  days,  l)ut  have  lost  in  the  tale  the 
bulk  or  number  of  the  days  or  hours. 

''  According  to  the  different  longitudes  of  Eng- 
land and  Mindanao,  this  isle  being  about  210  de- 
grees west  from  the  Lizard,  the  difference  of  time, 
at  our  arrival  at  Mindanao,  ought  to  have  been  about 
fourteen  hours  ;  and  so  much  we  should  have  antici- 
pated our  reckoning,  having  gained  it  by  bearing  the 
sun  company. 

'^  Now,  the  natural  day,  in  every  place,  must  be 
consonant  to  itself;  but  going  about  with,  or  against 
the  sun  s  course,  will,  of  necessity,  make  a  difference 
in  the  calculation  of  the  civil  day,  between  any  two 
places.  ,  Accordingly,  at  Mindanao,  and  other  places 
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in  the  East  Indies,  we  found  botli  natives  and  Eu- 
ropeans reckoning  a  day  before  us.  For  the  Eu- 
ropeans coming  Eastward,  by  the  Cape  of  Good 
Hope,  in  a  course  contrary  to  the  sun  and  us, 
wherever  we  met,  were  a  fall  day  before  us  in  their 
accounts. 

*'  So  among  the  Indian  Mahometans,  their  Friday 
was  Thursday  with  us  ;  though  it  was  Friday  also 
with  those  tliat  came  eastward  from  Europe. 

*^  Yet,  at  the  Ladrone  islands,  we  found  the  Spa- 
niards at  Guam  keeping  the  same  computation  with 
ourselves;  the  reason  of  which  I  take  to  be,  that  they 
settled  that  colony  by  a  course  westward  from  Spain  ; 
the  Spaniards  going  iirst  to  America,  and  thence  to 
the  Ladrone  islands." 

It  is  clear,  from  what  has  been  said  in  the  first 
part  of  this  article,  concerning  both  latitude  and  lon- 
gitude, that  if  a  person  travels  ever  so  far  directly 
towards  east  or  west,  his  latitude  would  be  always 
the  same,  though  his  longitude  would  be  continually 
changing. 

But  if  he  went  directly  north  or  south,  his  longi- 
tude would  continue  the  same,  but  his  latitude  would 
be  perpetually  varying. 

If  he  went  obliquely,  he  would  change  both  his 
latitude  and  longitude. 

The  longitude  and  latitude  of  places  give  only 
their  relative  distances  on  the  globe ;  to  discover, 
tlierefore,  their  real  distance,  we  have  recourse  to  the 
following  problem. 
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Troblem  X.  j4ny  place  hdng  given,  to  jtml  the 
distance  of  that  place  from  another,  in  a  great  circle 
of  the  earth, 

I  shall  divide  this  problem  into  three  cases. 

Case  1..  If  the  places  lie  under  the  same  meridian. 
Bring  the^  up  to  the  meridian,  and  mark  the  num- 
ber of  degrees  intercepted  between  them.  Multiply 
the  number  of  degrees  thus  found  by  6*0,  and  they 
will  give  the  number  of  geographical  miles  between 
the  two  places.  But  if  we  would  have  the  number 
of  English  miles,  the  degrees  before  found  must  be 
multiplied  by  69^. 

Case  2.  If  the  places  lie  under  the  equator.  Find 
their  difterence  of  longitude  in  degrees,  and  multi- 
ply, as  in  the  preceding  case,  by  60,  or  69^. 

Case  3.  If  the  places  lie  neither  under  the  same 
meridijan,  nor  under  the  equator.  Then  lay  th^ 
quadrant  of  altitude  ever  the  two  places,  and  mark 
the  number. of  degrees  intercepted  between  them. 
These  degrees,  multiplied  as  above-mentioned,  will 
givetlie  required  distance. 


Problem  xi.     To  find  the  angle  of  position  of 
places. 

The  angle  of  j)osition,  is  that  formed  between  the 
meridian  of  gne  of  the  places,  and  a  ^reat  circle  pass^ 
mg  through  the  other  place. 

p 
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Rectify  the  globe  to  the  latitude  and  zenith  of  one 
of  the  places,  bring  that  place  to  the  strong  brass 
meridian,  set  the  graduated  edge  of  the  quadrant  to 
the  other  place,  and  the  number  of  degrees  contained 
betu  een  it  and  the  strong  brass  meridian,  is  the  mea- 
sure of  the  angle  sought.     Thus, 

The  angle  of  position  between  the  meridian  of 
Cape  Clear,  in  Ireland,  and  St.  Augustine,  in  Flo- 
rida, is  about  8i2  degrees  north-westerly;  but  the 
angle  of  position  between  St.  Augustine  and  Cape 
Clear,  is  only  about  46  degrees  north-easterly. 

Hence  it  is  plain,  that  the  line  of  position,  or 
azimuth,  is  not  the  same  from  either  place  to  the 
other,  as  the  rhomb-liues  are. 

Problem  xii.    To  Jind  the  hearing  of  one  place 
from  another. 

The  bearing  of  one  sea-port  to  another  is  deter- 
mined by  a  kind  of  spiral,  called  a  rhomb-line,  pass- 
ing from  one  to  the  other,  so  as  to  make  equal 
angles  with  all  the  meridians  it  passes  by  ;  therefore, 
if  both  places  are  situated  on  the  same  parallel  of 
latitude,  their  bearing  is  either  east  or  west  from 
each  other ;  if  they  are  upon  the  same  meridian,  they 
bear  north  and  south  from  one  another ;  if  they  lie 
upon  a  rhomb-line,  their  bearing  is  the  same  with  it; 
if  they  do  not,  observe  to  which  rhomb-line  the  two 
places  are  nearest  parallel,  and  that  will  shew  the 
bearing  sought. 

Example.    Thus,  the  bearing  of  the  Lizard  point 
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from  the  island  of  Bermudas,  is  nearly  E.N.E  ;  and 
that  of  Bermudas  from  the  Lizard  is  W.S.W.  both 
nearly  upon  the  same  rhomb-line,  but  in  contrary 
directions. 


OF  THE  TWILIGHT. 

That  light  which  we  have  from  the  sun  before  it 
rises,  and  after  it  sets,  is  called  the  twilight. 

The  morning  twilight,  or  day-break,  commences 
when  the  sun  comes  within  eighteen  degrees  of  the 
horizon,  and  continues  till  sun-rising.  The  evening 
twilight  begins  at  sun-setting,  and  continues  till  it  is 
eighteen  degrees  below  the  horizon. 

To  illustrate  the  causes  of  the  various  lengths  of 
twilight,  in  different  places,  a  wire  circle  is  fixed 
eighteen  degrees  below  the  surface  of  the  broad 
paper  circle ;  so  that  all  those  places  which  are  above 
the  wire  circle  will  have  twilight,  but  it  will  be  dark 
to  all  those  places  below  it. 

I  have  already  observed,  that  it  is  owing  to  the 
atmosphere,  that  we  are  favoured  with  the  light  of 
the  sun  before  he  is  above,  and  after  he  is  below, 
our  horizon.  Hence,  though  after  sun-setting  we 
receive  no  direct  light  from  the  sun,  yet  we  enjoy 
its  reflected  light  for  some  time;  so  that  the  dark- 
ness of  the  night  does  not  come  on  suddenly,  but  by 
degrees. 

In  a  right  position  of  the  sphere,  the  twilights  are 
quickly  over,  because  the  sun  rises  and  sets  nearly  in 
a  jperpendicular  ;  but,  in  an  oblique  sphere,  th.ey  last 
p  2 
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longer,  the  suii  risinpf  and  settin«^  obliquely.  The 
greater  the  latitude  of  the  place,  the  louj^er  is  the 
duration  of  the  twilight ;  so  that  all  those  who  are 
in  49  degrees  of  latitude,  have,  in  tlie  summer,  near 
the  solstice,  their  atmosphere  enlightened  the  whole 
night,  the  twilight  lasting  till  sun-rising. 

In  a  parallel  sphere,  the  twilight  lasts  for  several 
itionths  ;  so  that  the  inhabitants  of  this  position  have 
either  dirtect  6r  teflex  light  of  the  sun  nearly  all  the 
vear,  as:  will  plainly  appear  bj^  the  globe. 


6J  the  diurnal  IXiOTION    OF    THE    EARTH,    AND    THF 
PROBLEMS    DEPENDING    ON   THAT   MOTION. 

As  the  daily  inotidfi  tjf  the  earth  about  ifs  axis, 
and  the  phenomena  dependalit  on  it,  ai^  some  of  th« 
tnost  csseiUial  points  which  a  beginner  ought  to  have 
in  vieWyA^ e  shall  now  endeavourtto  explain  t}>em  by 
the  globefe  I  aticl  iiere  I  tMnk  the  feidvantage  of  globes, 
mounted  in  my  father's  manner,  over  those  generally 
usedj  U'iil  be  very  evident.;  *  . 

I  have  already  observed,  that  iniglobes  mounted 
in  oUri  man lier,  the  motion  of  the  terrestrial  globe 
about  its  axis^  represents  the  diuriial  motion  of  the 
earth,  and  that  the  hofary  inde^  will  point  out  upon 
the  equator  the  ^4  houii»  of  one  diurnal  rotation,  or 
any  jxirt  '6£  tliiit  time. 

I  shall  now  consider  the  broad  pai)er  circle  m  the 
plane  which  distinguishes  Jight  from  darkness  ;  that 
is,  the  enlightened  half  of  the  earth's  surface,  from 
that  which  is  not  enlightened. 
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For  wliein  the  sun  shines  upon  a  globe,  he  shines 
fl»nly  upon  half  of  it ;  tliat  is,  one  half  of  tlie  globe's 
surface  is  euliglitened  by  him,  the  other  not. 

That  the  enlightened  half  may  be  that  half  which 
is  above  the  broad  paper  circle,  we  must  miagine  the 
sun  to  l>e  in  our  zenith. 

Or,  let  a  sun  be  painted  on  the  ceiling  over  the 
terrestrial  globe,  the  diameter  of  the  picture  equal 
to  the  diameter  of  the  globe. 

Then,  all  those  places  that  are  above  the  broad 
paper  circle,  will  be  in  the  sun  s  light ;  that  is,  it  will 
be  in  all  those  places. 

And  all  places  that  are  below  this  circle,  will  be 
out  of  the  sun*s  light ;  that  is,  in  all  those  places  it 
will  be  night. 

When  any  place  on  the  earth's  surface  comes  to 
the  edge  of  the  broad  j^aper  circle,  passing  out  of  the 
shade  into  the  light,  the  sun  will  appear  rising  at 
that  place. 

And  when  a  place  is  at  the  edge  of  the  broad 
paper  circle,  going  out  of  the  light  into  the  shade, 
the  sun  will  appear,  at  that  place,  to  be  setting. 

When  we  view  the  globe  in  this  position,  we  at 
once  seethe  situation  of  all  places  in  the  illuminated 
kemisphere,  whose  inhabitants  enjoy  the  light  of  the 
day.  One  edge  of  the  broad  paper  circle  shews  at 
what  place  the  sun  appears  rising  at  the  same  time  ; 
and  the  opposite  edge  shews  at  what  place  the  sun 
is  setting  at  the  same  time. 

Tlie  horary  index  shews  how  long  a  place  is  mov- 
ing from  oiie  edge  to  the  other ;  that  is,  how  long  the 
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day  or  night  is  at  that  place  ;  and,  consequently, 
when  the  globe  is  thus  situated,  you  readily  discover 
the  time  of  the  sun's  rising  and  setting,  on  any  given 
day,  in  any  place. 


TO   RECTIFY  THE  TERRESTRIAL   GLOBE. 

To  rectify  the  terrestrial  globe,  is  to  place  it  in 
the  same  position  in  which  our  earth  stands  to  the 
sun,  at  all,  or  at  any  given  times. 

That  half  of  the  earth's  surface,  which  is  enlight- 
ened by  the  sun,  is  not  always  the  same  ;  it  differs 
according  as  the  sun's  declination  differs. 

To  rectify,  then,  the  terrestrial  globe,  is  to  bring 
it  into  such  a  position,  as  that  the  enlightened  half 
of  the  earth's  surface  may  be  all  above  the  broad 
paper  circle. 

On  the  back  side  of  the  strong  brass  meridian,  and 
on  each  side  of  the  north  pole,  the  months,  and  days 
of  the  month,  are  graduated  in  two  concentric 
spaces,  agreeable  to  the  declination  of  the  sun^ 

Bring  the  day  of  the  month  that  is  graduated  on 
the  back  side  ot  tUe  strong  brass  meridian,  to  coin- 
cide witli  the  broad  paper  circle,  and  the  globe  is 
rectified. 

Thus,  set  the  first  of  May  to  coincide  with  the 
broad  paper  circle,  and  that  half  of  the  earth's  sur- 
face, which  is  enlightened  at  any  time  upon  that  day, 
will  be  all  at  once  above  the  said  circle. 

If  the  horary  index  be  set  to  XII.  when  any  par- 
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ticular  place  is  brought  under  the  strong  brass  rtierl-' 
dian,  it  will  shew  the  precise  time  of  sun-rising  and 
sun-setting  at  that  place,  according  as  that  place  is 
brought  to  the  eastern  or  western  edge  of  the  broad 
paper  circle. 

It  will  also  shew  how  long  any  place  is  in  moving 
from  the  east  to  the  west  side  of  the  illuminated  disc, 
And  thence  the  length  of  day  and  night. 

It  will  also  point  out  the  length  of  the  twilight, 
by  shewing  the  time  in  which  the  place  is  passing 
from  the  twilight  circle  to  the  edge  of  the  broad 
paper  circle  on  the  western  side ;  or,  from  the  edge 
of  this  circle  on  the  eastern  §ide,  to  the  twilight 
wire,  and  thus  determine  the  length  of  the  whole 
artificial  day, 

N.  B.  The  twilight  wire  is  placed  at  1 8  degrees 
from  the  broad  paper  circle. 

I  shall  now  proceed  to  exemplify,  upon  the  globes, 
these  particulars,  at  three  different  seasons  of  the 
year,  viz.  the  summer  solstice,  the  winter  solstice, 
and  the  time  or  times  of  the  equinoxes. 

Problem  xiii.  To  place  the  globe  in  the  same 
situation,  with  respect  to  the  sun,  as  our  earth  is  in 
at  the  time  of  the  summer  solstice. 

Rectify  the  globe  to  the  extremity  of  the  divisions 
for  the  month  of  June,  or  23 i  degrees  north  decli- 
nation ;  that  is,  bring  these  divisions  on  the  strong 
brass  meridian,  to  coincide  with  the  plane  of  the 
broad  paper  circle. 
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Tlion,  that  part  of  the  earth's  surface,  which  h 
within  the  northern  polar  circle,  will  he  above  the 
broad  paper  circle,  and  will  be  in  the  light,  and  the 
inhabitants  thereof  will  have  no  night. 

But  all  that  space,  which  is  contained  within  the 
southern  polar  circle,  will  continue  in  the  shade  ; 
that  is,  it  will  there  be  continual  niglit. 

In  this  position  of  the  globe,  the  pupil  will  observe 
how  much  the  diurnal  arches  of  the  parallels  of  lati- 
tude decrease,  as  they  are  inore  and  more  distant 
from  the  elevated  pole. 

If  any  place  be  brought  under  the  strong  brass 
meridian,  and  the  horary  index  is  set  to  that  XII 
which  is  most  elevated,  and  the  place  be  afterwards 
brought  to  the  western  side  of  the  broad  paper  circle, 
the  hour  index  will  shew  the  time  of  suji  rising ; 
and  when  the  place  is  moved  to  the  eastern  edge,  the 
index  points  to  the  time  of  sun-setting. 

The  length  of  the  day  is  obtained  by  tlie  time 
shewn  by  the  horary  index,  while  the  place  on  the 
globe  moves  from  the  west  to  the  east  side  of  the 
broad  paper  circle. 

Thus,  it  will  be  found,  that  at  London  the  sun 
rises  about  1 5  minutes  before  IV  in  the  morning, 
and  sets  about  15  minutes  after  VTII  at  night. 

At  the  following  places,  it  will  be  nearly  at  the 
times  expressed  in  the  table. 
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^.^a. 

0 

O 

Length 

Twilight. 

Rising. 
h.  m. 

Si.tting. 

of  day. 

ti.  m. 

il.  m. 

h.    m. 

Cape  Horn    - 

^  8   41 

3  16 

6  32 

2     35 

Cai>c  of  (iood  Hope 

-  7     9 

4  51 

9  42 

A     43 

Rio  dc  Janeiro,  in  IJraz 

il            -  6  42 

5   19 

10  38 

1     23 

Island  of  St.  Thonia-J, 

near  the 

Equator 

-  6 

« 

12 

I     20 

Cape  Luciis,  CaVifornia 

-  i  12 

G  48 

13  36 

1     35 

We  also  see,  that  at  the  same  time  the  sun  is 
rising  at  London,  it  is  rising  at  the  isles  of  Sicilly 
and  Madagascar. 

And,  that  at  the  same  time  when  the  sun  sets  at 
London,  it  is  setting  at  the  island  of  Madeira,  and 
Cape  Horn. 

And,  when  the  sun  is  setting  at  the  island  of 
Borneo,  in  the  East  Indies,  it  is  rising  at  Florida^ 
in  America.  And  many  other  similar  circum- 
stances, relative  to  other  places,  are  seen,  as  it  were^ 
by  inspection. 

Problem  xiv.  To  explain  the  sitiiatiofi  of  the 
earth,  with  respect  to  the  sun,  at  the  time  of  the 
winter  solstice- 


Rectify  the  globe  to  the  extremity  of  the  divisions 
for  the  month  of  December,  or  to  23l  degrees  south 
declination. 

When  it  will  be  apparent  that  the  whole  space 
within  the  southern  polar  circle  is  in  the  sun*s  light, 
and  enjoys  continual  day  ;  whilst  that  of  the  north- 
ern polar  circle  is  in  the  shade,  and  4ias  continual 
night. 
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If  the  globe  be  turned  round,  as  before,  the 
horary  index  will  shew  that,  at  the  several  places 
before-mentioned,  their  days  will  be  respectively 
equal  to  what  their  nights  were  at  the  tioie  of  the 
summer  solstice. 

It  will  appear,  farther,  that  it  is  now  sun-setting 
at  the  same  time  in  those  places  in  which  it  was 
sun-rising  at  the  same  time  at  the  summer  solstice ; 
and,  on  the  contrary,  sun-rising  at  the  time  it  then 
appeared  to  set. 

Problem  xv.  To  place  the  globe  in  the  situation 
of  the  earthy  at  the  times  of'  the  equinox* 

The  sun  has  no  declination  at  the  times  of  the 
equinox  ;  consequently,  there  must  be  no  elevation 
of  the  pole. 

Bring  the  day  of  the  month  when  the  sun  enters 
the  first  point  of  Aries,  or  day  of  the  month  when 
the  sun  enters  the  first  point  of  Libra,  to  the  plane 
of  the  broad  paper  circle ;  then  the  two  poles  of  the 
globe  will  be  in  that  plane  also,  and  the  globe  will 
be  in  that  position,  which  is  called  a  right  sphere: 

For  it  is  a  right  sphere  when  the  two  poles  are  in 
the  plane  of  the  broad  paper  circle,  because  then  all 
those  circles,  which  are  parallel  to  the  equator,  will 
be  at  right  angles  to  that  plane. 

If  the  globe  be  now  turned  from  west  to  east,  it 
will  plainly  appear,  that  all  places  upon  its  surface 
are  twelve  hours  above  the  broad  paper  dircle,  and 
twelve  hours  below  it ;  that  is,  the  days  are  twelve 
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hours  long  all  over  the  earth,  and  the  nights  are 
equal  to  the  days ;  whence,  these  times  are  called  the 
times  of  equinox^ 

Two  of  these  occur  in  every  year ;  the  first  is  the 
autumnal,  the  second  the  vernal  equinox. 

At  these  seasons,  the  sun  appears  to  rise  at  the 
same  time,  to  all  places  that  are  on  the  same  meri- 
dian. The  sun  sets,  also,  at  the  same  time  in  all 
those  places. 

Thus,  if  London,  and  Mundford,  on  the  Gold 
G>ast,  be  brought  to  the  strong  brass  meridian,  the 
graduated  side  of  which  is,  in  this  case,  the  horary 
index,  and  they  be  afterwards  carried  to  the  western 
edge  of  the  broad  paper  circle,  the  index  will  shew 
that  the  sun  rises  at  VI  at  both  places  ;  when  they 
are  carried  to  the  eastern  edge,  the  index  points  to 
VI  for  the  time  of  sun-setting. 

N.  B.  If  London  be  not  the  given  place,  the  hour 
index  is  to  be  set  to  the  most  elevated  XII,  while 
the  place  is  under  the  graduated  edge  of  the  strong 
brass  meridian. 

The  following  circumstances,  which  usually  attend 
the  four  cardinal  divisions  of  the  year,  cannot  be 
better  introduced  than  at  this  place.  At  the  time 
of  the  equinoxes,  when  the  sun  passes  from  one 
hemisphere  into  the  other,  there  is  almost  constantly 
some  disturbance  in  the  weather ;  the  winds  are  then 
generally  higher :  at  the  vernal  equinox,  they  are, 
for  the  most  part,  easterly,  cold,  dry,  and  searching. 
The  solstitial  point  of  the  summer  is  often  distin- 
guished by  violent  rains,  and  what  we  call  a  mid- 
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snnimer  flood.  The  winter  bring  less  rainy  than 
the  summer,  nothing  particularly  happens  at  the 
w  inter  solstice,  but  that  the  frosts  commonly  set  ia 
more  severely,  with  some  quantity  of  snow,  upon 
the  ground. 

dr   THE    ARTIFICIAL    OR    TERRESTRLVL    HORIZON, 

The  brass  circle,  which  may  be  slipped  from  pole 
to  pole  on  the  moveable  meridian,  has  been  already 
described.  The  circumference  of  it  is  divided  into 
eight  parts,  to  which  arc  affixed  the  initial  letters  of 
the  mariner's  compass. 

When  the  centre  of  it  is  set  ta  any  particular 
place,  the  situation  of  any  other  place  is  seen-  with 
respect  to  that  place ;  that  is,  whether  they  be  east, 
west,  north,  or  south  of  it. 

It  will,  therefore,  represent  the  horizon  of  that 
place. 

We  shall  here  use  the  artificial  horizon,  to  shew 
whv  the  sun,  althouoh  he  be  always  in  one  and  the 
same  place,  appears  to  the  inhabitants  of  the  earth 
at  different  altitudes,  and  in  difterent  azimuths. 

tROBLE^r  XVI.   To  exemplify  the  suns  altitude,  as 
obsej^'cd  with  an  artificial  horizon. 

The  altitude  of  the  sun  is  greater  or  less,  accord- 
ing as  the  line  which  goes  from  us  to  the  sun  is 
nearer  to,  or  farther  off,  from  our  Iiorizon. 

Let  the  moveable  circle  be  applied  to  any  place. 
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AS  London,  then  will  tlie  horizon  of  London  be 
thereby  represented.  -  >  ;    ; 

7'he  sun  is  supposed,  as  before^  to  be  in  the 
zenith,  that  is,  directly  over  the  terrestrial  globe. 

If,  then,  from  London,  a  line  go  vertically  up- 
wards, the  sun  v^^ill  be  seen  at  London  in  that  line. 

At  sun-rising,  when  London  is  brought  to  the 
west  edge  of  the  broad  paper  circle,  the  supposed 
line  will  be  parallel  to  the  artificial  horizon,  and  the 
sun  will  then  be  seen  iti  the  horizon. 

As  the  globe  is  gtadliallj^  turned  from  the  West 
towards  the  east,  the  horizon  Will  recede  from  that' 
line  which  goes  from  London  vertically  upwards;  so 
that  the  line  in  which  the  sun  is  seen  gets  further 
and  further  frbni  the  liorizon ;  that  is,  the  sUn*s  alti- 
tude increases  gradually. 

M^hen  the  horizon,  and  the  line  which  goes  from 
London  vertically  upwartls,  are  arrived  at  the  strong 
brass  meridian,  the  sun  is  then  at  hh  greatest,  or 
meridian  altitude  fei* '  thtf  day,  *  and'^  the  dine  and 
horizon  are  at  the  largest  angle  tli^y'^ka  make  with 
each  other/  '  '       '"  ^  •      '■''*■     -  •■ 

After  this,' the  rribtion  of  thie"  globe 'being  coiiti- 
uued,  the  angle  between  the  artificial  horizon  and" 
the  line  which  goes  ffohi  London  vertically  upwards 
continually  decreases,  imtil  London  arrives  at  the 
eastern  edge  of  the  broad  paper  circle ;  its  horizon 
then  becomes  vertical  again,  and  parallel  to  the  line 
which  goe^  vertically  upwards.  The  sun  will  a^ain 
appear  in  the  horizon,  and  will  set. 
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Problem  xvii.  Of  the  sun's  meridian  altitude,  at 
three  different  seasons. 

Rectify  the  globe  to  the  time  of  the  winter  solstice, 
by  Problem  xiv,  and  place  the  centre  of  the  visible 
horizon  on  London. 

When  London  is  at  the  graduated  edge  of  the 
strong  brass  meridian,  the  line  which  goes  vertically 
upwards,  makes  an  angle  of  about  1 5  degrees ;  this 
is  the  sun's  meridian  altitude  at  that  season  to  the 
inhabitants  of  London. 

If  the  globe  be  rectified  to  the  times  of  equinox, 
by  Problem  xv,  the  horizon  will  be  farther  separated 
from  the  line  which  goes  vertically  upwards,  and 
makes  a  greater  angle  therewith,  it  being  about  38^ 
degrees ;  this  is  the  sun's  meridian  altitude  at  the 
time  of  equinox  at  London. 

Again,  rectify  to  the  summer  solstice  by  Problem 
xiii,  and  you  will  find  the  artificial  horizon  recede 
farther  from  the  line  which  goes  from  London  ver- 
tically upwards,  and  the  angle  it  then  makes,  is  about 
62  degrees,  which  shews  the  sun's  meridian  altitude 
at  the  time  of  the  summer  solstice. 

Hence,  flows  also  the  following  arithmetical  pro- 
blem. 


Problem   xvlii.     To  find  the   meridian   altitude 
universally. 

Add  the  sun's  declination  to  the  elevation  of  the 
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Equator,  if  the  latitude  of  the  place,  and  the  declina* 
tion  of  the  sun,  are  both  on  the  same  side. 

If  on  contrary  sides,  subtract  the  declination  from 
the  elevation  of  the  equator,  and  you  obtain  the  sun'i 
meridian  altitude. 

Thus,  the  elevation  of  the  equator  tt  Lon-    • 
don  is         -         -         -         -         -         -  38     28 

The  sun's  declination  on  the  20th  of  May     20       8 


Their  sum,  the  sun  •  meridian  altitude  that 

day  .         -         .         -         -         -  58     36 


Again,  to  the  elevation  of  the  equator  tt    • 
London       -         •         .         -         -         -  38     28 

Add  the  sun's  greatest  declination  at  the 

time  of  the  summer  solstice  -        *  S3     29 


The  sum  is  the  sun's  greatest  meridian  alti- 

titude  at  London  -         »         -        -  6i     57 


Froblcm  XIX.  Of  the  sun's  aximuths,  as  compared 
mth  the  artificial  horizon.  ,i/i  'jrfU 

The  artificial  horizon  serves,  also,  to  determine  the 
smi's  azimuths. 

An  azimuth  of  the  sun  is  denoniinated  from  that 
point  of  the  horizon,  to  which  the  sun,  or  a  line 
going  to  the  «un,  is  nearest. 

Thus,  if  the  sun,  or  a  line  going  to  the  sun,  he 
nearest  the  jouth-east  point  of  the  horizon^  which 
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point  is  45  degrees  distant  from  the  meridian,  the* 
sun's  azimuth  is  an  azimuth  of  45  degrees,  and  the 
Sim  will  appear  in  the  south-east. 
'  Imagine  the  sun,  as  we  have  done  before,  to  be 
placed  directly  over  the  globe. 

In  which  case,  a  line  j^oing  to  the  sun  from  any 
place  on  the  surface  of  tlie  globe,  will  have  a  verti- 
cal direction,^  and  will  go  from  that  place  vertically 
upwards. 

If,  then,  we  apply  the  artificial  horizon  to  any 
place,  the  point  of  this  horizon,  to  which  a  ver- 
tical line  is  nearest,  shews  the  sun  s  azimuth  at  that 
time. 

^  It  is  observable,  that  the  point  of  the  horizon,  to 
wliich  such  a  vertical  line  is  nearest,  \^  ill  be,  at  all 
times,  that  point  which  is  most  elevated. 

To  exemplify  this,  let  the  globe  be  in  the  position 
of  a  right  sphere,  and  let  the  artificial  horizon  be 
applied, to  London. 

When  London  is  at  the  western  edge  of  the  broad 
paper  circle,  which  situation  rej)resents  the  time 
when  the  sun  ^ipi^ears  to  rise,  th^ -eastern  point  of 
the  artificial  liorizon  being  then  most  elevated,  shews 
that  the  sun  at  his  rising  is  due  east. 

Turn  the' srlobe,  tift  London  coliies  to  tJie 'eastern 
edge  of  the  brojid  paper  circle,  then  the  western 
point  of  the  aiffiftcial  horizon  \yi]t  be  most  elevated, 
shewing  th^t  the  sun  sets  due  Avest: 

Now,  place  the  globe  in  the  position  of  an  oblique 
sphere  ;  and,  if  London  be  brought  to  the  eastern 
or  western  side  of  the  broad  paper  circle,  the  ver- 
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tical  line  will  depart,  more  or  less,  from  the  east  and 
west  points ;  in  which  case,  the  sun  is  said  to  have 
more  or  less  amplitude. 

If  the  departure  be  northward,  it  is  called  northern 
amplitude ;  if  southern,  it  is  called  southern  ampli- 
tude 

In  whatever  position  the  globe  be  placed*,  when 
London  comes  to  the  strong  brass  meridian,  the  hiost 
elevated  part  of  the  artificial  horizon  will  be  the  south 
point  of  it. 

Which  shews  that  at  noon  the  sun  will  always,  and 
in  all  seasons,  appear  in  the  south. 


OF  THE    ANCIENT    DIVISIONS   OF  THE    EARTH    INTO 
ZONES  AND    CLIMATES. 

Climates  was  a  term  used  by  the  ancient  astro- 
nomers to  express  a  division  of  the  earth,  which, 
before  the  marking  down  the  latitudes  of  countries 
into  degrees  and  minutes  was  in  use,  served  them 
for  dividing  the  earth  into  certain  portions  in  the 
same  direction ;  so  as  to  speak  of  any  pa^^icular 
place  with  some  degree  of  certainty,  though  not  with 
due  precision. 

It  was  natural  for  the  earliest  observers  to  remark, 
for  one  of  the  first  things,  the  diversity  that  there 
was  in  the  sun's  rising  and  setting;  it  was  by  this 

\  .    .         . 

♦  The  globe  is  not  supposed  in  this  case,  or  under  this  ticw  of 

things,  ever  to  be  elevated   above  th«  limitss  of  the  sun's  «ieU» 

neat  win. 
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they  regulated  what  they  called  climates ;  which 
are  a  tract  on  the  surface  of  the  earth  of  various 
breadths,  being  regulated  by  the  different  lengths 
of  time  between  the  rising  and  setting  of  the  sun  in 
the  longest  day,  in  different  places. 

From  the  equator  to  the  latitude  of  66  h  north  and 
south,  a  climate  is  constituted  by  the  difference  of 
half  an  hour  in  the  length  of  the  longest  day ;  and 
this  is  sufficient  for  understanding  the  ancients.  Be- 
tween the  polar  circle  and  the  pole,  the  length  of  the 
longest  day,  in  one  parallel,  exceeds  the  length  of 
the  longest  in  the  next  by  a  month ;  but  of  these 
the  ancients  knew  nothing. 
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CLIMATES    BETWEEN    THE     EGIUATOR    AND    POLAR 
CIRCLES. 
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Therefore,  to  discover  to  what  climate  a  place  is, 
whose  latitude  does  not  exceed  66[  degrees,  find 
the  length  of  the  longest  day  in  that  place,  and 
subtracting  twelve  hours  from  that  length,  the  num- 
ber of  half  hours  in  the  remainder  will  specify  the 
climate. 


Problem  xx.     To  Jind  the  limits  of  the  climates. 

Elevate  the  north  pole  to  23°  28',  the  sun's  de- 
elination  on  the  longest  day ;  and  turn  the  globe 
easterly  till  the  intersection  of  the  meridian  with  the 

a  2 
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equator  that  passes  through  Libra  comes  to  the 
horizon,  and  the  hour  of  VI  will  then  be  under  the 
meridian,  which  in  this  problem  is  the  hour  index, 
because  the  sun  sets  this  day  at  places  on  the  equa- 
tor as  it  does  every  day  at  VI  o'clock.  Now  turn 
the  globe  easterly,  till  the  time  under  the  meridian 
is  15  min.  past  VI,  and  you  will  find  that  8'  34 
of  that  graduated  meridian  is  cut  by  the  horizon ; 
this  is  the  beginning  of  the  second  climate ;  and 
the  hmits  of  all  the  climates  may  be  determined, 
by  bringing  successively  the  time  equal  to  half  the 
length  of  the  longest  day  under  the  meridian,  and 
observing  the  degree  of  the  graduated  meridian  cut 
by  the  horizon. 

ZONES. 

Zones  is  another  division  of  the  earth*s  surface, 
used  by  the  ancients :  that  part  which  the  sun  passes 
over  in  a  year,  comprehending  23  y  degrees  on 
each  side  the  equator,  was  called  by  the  ancients 
the  torrid  zone.  The  two  frigid  zones  are  con- 
tained between  the  polar  circles.  Between  the 
torrid  and  the  two  frigid  zones  are  contained  the 
two  temperate  ones,  each  being  about  43  degrees 
broad. 

The  latitude  of  a  place  being  the  mark  of  its  posi- 
tion with  respect  to  the  sun,  may  be  considered  as  a 
general  index  to  the  temperature  of  the  climate:  it  is, 
however,  liable  to  very  great  exceptions ;  but  to  deny 
it  absolutely,  would  be  to  deny  tliat  the  sun  i$  the 
«;ource  of  lig-ht  and  heat  below. 
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Nothing  can  be  more  hideous  or  mournful  than 
the  pictures  which  travellers  present  us  of  the  polar 
regions.  The  seas,  surrounding  iphospi table  coasts, 
are  covered  with  islands  of  ice,  that  have  been  increas- 
ing for  many  centuries :  some  of  these  islands  are 
immersed  six  hundred  feet  under  the  surface  of  the 
sea,  and  yet  often  rear  up  also  their  icy  heads  more 
than  one  hundred  feet  above  its  level,  and  are  three 
or  four  miles  in  circumference.  The  following  ac- 
count will  give  some  idea  of  the  scenery  produced 
by  arctic  weather.  At  Smearingborough  Harbour, 
within  fifteen  degrees  of  the  pole,  the  country  is 
full  of  mountains,  precipices,  and  rocks ;  these  are 
covered  with  ice  and  snow.  In  the  vallies  are  hills 
of  ice,  which  seem  daily  to  accumulate,  lliese 
hills  assume  many  strange  and  fantastic  appe^^rances ; 
some  looking  like  churches  or  castles,  ruins,  ships 
in  full  sail,  whales,  monsters,  and  all  the  various 
forms  that  fill  the  universe.  There  are  seven  of 
these  ice-hills,  which  are  the  highest  in  the  coun- 
try. When  the  air  is  clear,  and  the  light  shines  full 
upon  them,  the  prospect  is  inconceivably  brilliant ; 
the  sun  is  reflected  from  them  as  from  glass ;  some- 
times they  appear  of  a  bright  hue,  like  sapphire ; 
sometimes  variegated  with  all  thp  gjories  of  the 
prismatic  colours,  exceeding  in  the  magnitude  of 
lustre  and  beauty  of  colour  the  richest  gems  in  the 
world,  disposed  in  shapes  wonderful  to  behold,  dazr 
zling  the  eye  with  the  brilliancy  of  its  splendour. 
At  Spitsbergen,  ^yithin  ten  degrees  of  the  pole, 
the  earth  is  locked   up  in  the  ice  till  the  middle 

9.3 


24S  PROBLEMS.' 

of  May;  in  the  beginning  of  July  the  plants  are 
in  flower,  and  perfect  their  seeds  in  a  month's 
time :  for,  though  the  sun  is  much  more  obhque 
in  the  higher  latitudes,  than  with  us,  his  long  con- 
tinuance above  the  horizon  is  attended  with  an  ac«. 
cumulation  of  heat  exceeding  that  of  many  places 
under  the  torrid  zone ;  and  there  is  reason  to  sup- 
pose, that  the  rays  of  the  sun,  at  any  given  altitude, 
produce  greater  degrees  of  heat  in  the  condensed  air 
of  the  polar  regions,  than  in  the  thinner  air  of  this 
climate. 

Yet,  if  we  look  for  heat,  and  the  remarkable  ef- 
fects of  it,  we  must  go  to  the  countries  near  the 
equator,  where  we  shall  find  a  scenery  totally  dif- 
ferent from  that  of  the  frigid  zone.  Here  all  thinsra 
are  upon  a  larger  scale  than  in  the  temperate  cli- 
mates :  their  days  are  burning  hot ;  in  some  partft 
their  nights  are  piercing  cold ;  their  rains  lasting 
and  impetuous,  like  torrents  ;  their  dews  excessive ; 
their  thunder  and  lightening  more  frequent,  terrible, 
and  dangerous  ;  the  heat  burns  up  the  lighter  soil, 
and  foams  it  into  a  sandy  desert,  while  it  quickens  all 
the  moister  tracts  with  incredible  vegetation. 

The  ancients  supposed  that  the  frigid  zone  was 
uninhabitable  from  cold,  and  the  torrid  from  the 
intolerable  heat  of  the  sun ;  we  now,  however, 
know  that  both  are  inhabited.  The  sentiments  of 
the  ancients,  therefore,  in  this  respect,  are  a  proof 
how  inadequate  the  faculties  of  the  human  miml 
are  to  discussions  of  this  nature,  when  unassisted  by 
facts. 
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OF  THE  ANCIENT  DISTINCTION  OF  PLACES  BY  THE 
DIVERSITY  OF  SHADOWS  OF  UPRIGHT  BODIES  AT 
NOON. 

When  the  sun  at  noon  is  in  the  zenith  of  any 
place,  the  inhabitants  of  that  place  were  by  the  an- 
cients called  ascii,  that  is,  without  shadow  :  for  the 
shadow  of  a  man  standing  upright,  when  the  sun  is 
directly  over  his  head,  is  not  extended  beyond  that 
part  of  the  earth  which  is  directly  under  his  body, 
and  therefore  will  not  be  visible. 

As  the  shadow  of  every  opake  body  is  extended 
from  the  sun,  it  follows,  that  when  the  sun  at  noon 
is  southward  from  the  zenith  of  any  place,  the 
shadow  of  an  inhabitant  of  that  place,  and  indeed 
of  any  other  opake  body,  is  extended  towards  the 
north. 

But  when  the  sun  is  northward  from  the  zenith  of 
any  place,  the  shadow  falls  towards  the  south. 

Those  are  called  amphiscii,  that  have  both  kinds  of 
meridian  shadows. 

Those,  whose  meridian  shadows  are  always  pro- 
jected one  way,  are  termed  heterosciu 

Problem  xxi.  To  illustrate  the  distinction  of  ascii, 
amphiscii,  heteroscii,  and  perisciiy  hy  the  globe. 

Rectify  the  globe  to  the  summer  solstice,  and  moye 
the  artificial  horizon  to  the  equator,  the  north  point 
will  be  the  most  elevated  at  noon, 

a4 
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Which  shev/s,  that  to  those  inhiibitants  who  livt 
at  the  equator,  the  sun  will  at  this  season  appear  to 
the  north  at  noon,  and  their  shadow  will  therefore  be 
projected  southwards. 

But  if  you  rectify  the  globe  to  the  winter  solstice, 

"the  south  point  being  then  the  uppermost  point  at 

noon,  the  same  persons  will  at  noon  have  the  sun 

on  the  south  side  of  them,  and   will  project  their 

shadows  northwards. 

Thus  they  are  amphiscii,  projecting  their  shade 
both  ways ;  which  is  the  case  of  all  the  inhabitants 
within  the  tropics. 

Tlie  artificial  horizon  remaining  as  before,  rectify 
the  globe  to  the  times  of  the  equinox,  and  you  will 
find  that  when  this  horizon  is  under  the  strong  brass 
meridian,  a  line  going  vertically  upwards  will  be  per- 
pendicular to  it,  and  consequently  the  sun  will  be 
directly  over  the  heads  of  the  inhabitants,  and  they 
will  be  ascii,  having  no  noon  shade ;  thpir  shadow  is 
in  the  morning  projected  directly  westward,  in  the 
evening  directly  eastward. 

The  same  thing  will  also  happen  to  all  the  inha- 
bitants wdio  live  between  the  tropics  of  Cancer  and 
Capricorn ;  so  that  they  are  not  only  ascii,  but  am- 
phiscii also. 

Those  who  live  without  the  tropics  are  heteroscii ; 

those  in  north  latitude  have  the  noon  shade  always 

directed  to  the  north,  while  those   in  south  latitude 

have  it  always  projected  to  the  south. 

>     The  inhabitants  of  the  polar  ciscles  are  called  peris- 
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cii;  because,  as  the  sun  goes  round  them  continually, 
their  shade  goes  round  them  likewise. 


OF   ANCIENT    DISTINCTIONS    FROM    SITUATIONS. 

These  terms  being  often  mentioned  by  ancient  geo- 
graphical writers  to  express  the  different  situation  of 
parts  of  the  globe,  by  the  relation  which  the  several 
inhabitants  bore  to  one  another,  it  will  be  necessary 
to  take  some  notice  of  them. 

The  antceci  are  two  nations  which  are  in  or  near 
the  same  meridian  ;  the  one  in  north,  the  other  in 
south  latitude. 

They  have  therefore  the  same  longitude  but  not 
the  same  latitude  :  opposite  seasons  of  the  year,  but 
the  same  hour  of  the  year ;  the  days  of  the  one  are 
«qual  to  the  nights  of  the  other,  and  vice  versa, 
when  the  days  of  the  one  are  at  the  longest,  they  are 
shortest  at  the  other. 

When  they  look  towards  each  other,  the  sun  seems 
to  rise  on  the  right-hand  of  the  one,  but  on  the  left 
of  the  other.  They  have  different  poles  elevated; 
and  the  stars  that  never  set  to  the  one,  are  never  seen 
by  the  other. 

Perioeci  are  also  two  opposite  nj^tions,  situated  on 
;the  same  parallel  of  latitude. 

They  have  therefore  the  same  latitude,  but  differ 
180  degrees  in  longitude;  the  same  seasons  of  the 
year,  but  opposite  hours  of  the  day ;  for  when  it  is 
t;welve  at  night  to  the  one^  it  is  tM'^lve  at  noon  with 
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the  other.  On  the  equinoctial  days,  the  sun  is  rising 
to  one,  when  it  is  setting  to  the  other. 

Antipodes  are  two  nations  diametrically  opposite, 
which  have  opposite  seasons  and  latitude,  opposite 
hours  and  longitude. 

The  sun  and  stars  rise  to  the  one,  when  they  set 
to  the  other,  and  that  during  the  whole  year,  for 
they  havie  the  same  horizon. 

The  day  of  the  one  is  the  night  of  the  other ;  and 
when  the  day  is  longest  with  the  one,  the  other 
has  its  shortest  day. 

They  have  contrary  seasons  at  the  same  time ;  dif- 
ferent poles,  but  equally  elevated  ;  and  those  stars 
that  are  always  above  the  horizon  of  one,  are  always 
under  the  horizon  of  the  other. 

Problem  xxii.     To  find  the  Antoeci,  the  Periacci, 
mid  the  Antipodes  of  any  place. 

Bring  the  given  place  to  the  strong  brass  meridian, 
then  in  the  opposite  hemisphere,  and  under  the  same 
degree  of  latitude  with  the  give^^  .place,  you  will 
'find  theAntoeci. 

The  given  place  remaining  under  the  meridian,  set 
the  horary  index  to  XII ;  then  turn  the  globe,  till  the 
other  XII  is  under  the  index,  then  you  will  find  the 
Perioeci  under  the  same  degree  of  latitude  with  the 
given  place. 

Tims  the  inhabitants  of  the  south  part  of  Chili  are 
Antoeci  to  the  people  of  New  England,  whose  Pe- 
rioeci are  those  Tartars  who  dwell  on  the  north  bor- 
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4er8  of  China,  which  Tartars  have  the  said   inhabi- 
tants of  ChiH  for  their  Antipodes. 

This  will  become  evident,  by  placing  the  globe 
in  the  position  of  a  right  sphere,  and  bringing  those 
nations  to  the  edge  of  the  broad  paper  circle. 

Problem  xxiii.  The  day  of  the  month  being  given, 
to  find  all  those  places  on  the  globe,  over  whose 
!f^enith  the  sun  will  pass  on  that  day. 

Rectify  the  terrestrial  globe,  by  bringing  the  given 
day  of  the  month  ofi  the  back  side  of  the  strong 
brass  meridian,  to  coincide  with  the  plane  of  the 
broe^d  paper  circle :  observe  the  number  of  degrees 
of  the  brass  meridian,  which  corresponds  to  the 
given  day  of  the  month. 

This  number  of  degrees,  counted  from  the 
equator  on  the  strong  brass  meridian,  towards  the 
elevated  pole,  is  the  point  over  which  the  sun  is 
vertical ;  and  all  those  places,  which  pass  under 
this  point,  have  the  sun  directly  vertical  on  the 
given  day. 

Example,  Bring  the  11th  of  May  to  coincide 
with  the  plane  of  the  broad  paper  circle,  and  the  said 
plane  will  cut  eighteen  degrees  for  the  elevation  of 
the  pole,  which  is  equal  to  the  sun's  declination  for 
that  day,  which  being  counted  on  the  strong  brass 
meridian  towards  the  elevated  pole,  is  the  point  over 
which  the  sun  will  be  vertical ;  and  all  places  that 
are  under  this  degree,  will  have  the  sun  on  their 
zenith  on  the  lUh  of  May, 
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Hence,  when  the  sun's  dedination  is  equal  to 
the  latitude  of  any  place  in  the  torrid  zone,  the 
sun  will  be  vertical  to  those  inhabitants  that  day ; 
which  furni^h^s  us  with  another  method  of  salving 
this  problem. 


OF   PROBLEMS  PECULIAR  TO  THE  SUN. 

Problem  xxiv,    Tojind  the  sun's  place  qn  the  broad 
paper  circle. 

Consider  whether  the  year  in  which  you  seek  tlie 
sun  s.  place  is  bissextile,  or  whether  it  is  the  first, 
second  or  third  year  after. 

If  it  be  the  first  year  after  bissextile,  those  divisions 
to  which  the  numbers  for  the  days  of  the  months 
are  affixed,  are  the  divisions  which  are  to  be  taken 
for  the  respective  days  of  each  month  of  that  year  at 
noon ;  opposite  to  which,  in  the  circle  of  twelve  signs, 
is  the  sun's  place. 

If  it  be  the  second  year  after  bissextile,  the  first 
quarter  of  a  day  backwards  or  towards  the  left-hand,  is 
the  day  of  the  month  for  that  year,  against  which,  as 
before,  is  the  sun's  place, 

IF  it  be  the  third  year  after  bissextile,  then  three 
quarters  of  a  day  backwards  is  the  day  of  th^ 
month  for  that  year,  opposite  to  which  is  the  sun's 
place. 

If  the  year  in  which  you  seek  the  sun's  place  be 
bissextile,  then  three  quarters  of  a  day  backwards 
is  the  day  of  the  month  from  the  1st  of  January  to 
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tlie  28th  of  February  inclusive.  The  intercalary, 
or  29th  day,  is  three-fourths  of  a  day  to  the  Jeft- 
hand  from  the  1st  of  March,  and  the  1st  of  March 
itself  one  quarter  of  a  day  forward,  from  the  divi- 
sion marked  one ;  and  so  for  every  day  in  the  re- 
maining part  of  the  leap  j'^ar ;  and  opposite  to  these 
divisions  is  the  sun's  place. 

In  this  manner  the  intercalary  day  is  very  well  in- 
troduced every  fourth  year  into  the  calendar,  and  the 
sun's  place  very  nearly  obtained,  according  to  tlie 


Julian  reckoning. 

Thus, 

A.D. 

Sun' 

s  ]>lace. 

Apr.  23. 

1788     Bissextile 

- 

b 

5°;35' 

178^     First  year  after 

- 

b 

5     21 

1790     Second 

- 

b 

5      6 

1751     Third     -         ,         - 

- 

« 

4    5b 

Upon  my  father's  globes  there  are  twenty-three 
parallels^  drawn  at  the  distance  of  one  degree  from 
each  other  on  both  sides  the  equator,  which,  with 
two  other  parallels  at  23t  degrees  distance  include 
the  ecliptic  circle. 

The  two  outermost  circles  are  called  the  tropics ; 
that  on  the  north  side  the  equator  is  called  the  tropic 
of  Cancer;  that  which  is  on  the  south  side,  the 
tropic  of  Capricorn. 

Now  as  the  ecliptic  is  inclined  to  the  equator,  in 
an  angle  of  23  ^  degrees,  and  is  included  between 
the  tropics,  every  parallel  between  these  must  cross 
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the  ecliptic  in  two  points,  which  two  point*  shew 
the  suns  place  when  he  is  vertical  to  the  inhabitant! 
of  that  parallel ;  and  the  days  of  the  month  upon 
the  broad  paper  circle  answering  to  those  points  of 
the  ecliptic,  are  the  days  on  which  tlie  sun  passes 
directly  over  their  heads  at  noon,  and  which  are 
sometimes  called  their  two  midsummer  days. 
.  It  is  usual  to  call  the  sun  s  diurnal  paths  parallels 
to  the  equator,  which  are  therefore  aptly  represented 
by  the  above-mentioned  parallel  circles  ;  though  his 
path  is  properly  a  spiral  line,  which  he  is  continually 
describing  all  the  year,  appearing  to  move  daily  about 
a  degree  on  the  ecliptic. 


Problem  xxv.  To  find  the  sun's  declination, 
and  thence  the  parallel  of  latitude  corresponding 
thereto/ 

Find  the  sun's  place  for  the  given  day  in  the 
broad  paper  circle,  by  the  preceding  problem,  and 
seek  that  plate  in  the  ecliptic  line  upon  the  glob^; 
this  will  shew  the  parallel  of  the  sun  s  declination 
among  the  above-mentioned  dotted  lines,  which  is 
also  the  corresponding  parallel  of  latitude ;  there- 
fore all  those  places,  through  which  this  parallel 
passes,  have  the  sun  in  their  zenith  at  noon  on  the 
given  day. 

Thus  on  the  23d  of  May  the  sun  s  declination  will 
be  about  20  deg.  10  min. ;  and  upon  the  23d  of  Au- 
gust it  will  be  1 1  deg.  13  min.     What  has  been  said 
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In  the  first  part  of  this  problem,  will  lead  the  reader 
to  the  solution  of  the  following. 

Problem  xxvi.  To  jind  the  two  days  on  which 
tJie  sun  is  in  the  zenith  of  any  given  place  that  is 
situated  between  the  two  tropics. 

That  parallel  of  declination,  which  passes  through 
the  given  place,  will  cut  the  ecliptic  line  upon  the 
globe  in  two  points,  which  denote  the  sun's  place, 
against  which,  on  the  broad  paper  circle,  are  the  days 
and  months  required.  Thus  the  sun  is  vertical  at 
Barbadoes  April  24,  and  August  18. 

Problem  xxvii.  The  day  and  hour  at  Anyplace 
in  the  torrid  zone  being  given,  to  Jind  where  the  sun 
is  vertical  at  that  time. 

Rectify  the  globe  to  the  day  of  the  month,  and 
you  have  the  sun  s  declination ;  bring  the  given 
place  to  the  meridian,  and  set  the  hour  index  to 
XII;  turn  the  globe  till  the  index  points  td  the 
given  hour  on  the  equator  ;  then  will  the  place  be 
imder  the  degree  of  the  declination  previously  found. 

Let  the  given  place  be  London,  and  time  the 
11th  day  of  May,  at  four  min.  past  five  in  the  af- 
ternoon;  bring  the  11th  of  May  to  coincide  with 
the  broad  paper  circle,  and  opposite  to  it  you  will 
find  18  degrees  of  north  declination;  as  London 
is  the  given  place,  you  have  only  to  turn  the  globe 
till  4  min.  past  V  westward,  if  it  is  on  the  metidift^Q^ 
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when  you  will  find  Port  Royal,  in  Jamaica,  under  the 
18th  degree  of  the  meridian,  which  is  the  place  where 
the  sun  is  vertical  at  that  time. 


Problem  xxviii.  The  time  of  the  day  at  an^ 
one  place  being  given,  tojind  all  those  places  where 
at  the  same  instant  the  sun  is  rising,  setting,  and  on 
the  meridian,  and  where  he  is  vertical;  likewise  those 
places  where  it  is  midnight,  tivilight,and  dark  night; 
as  well  as  tho9e  places  in  which  the  twilight  is  begin- 
ning and  ending ;  and  also  tojind  the  sun's  altitude 
at  any  hour  in  the  illuminated,  and  his  dejjression  in 
the  obscure,  hemisphere. 

Rectify  the  globe  to  the  day  of  the  month,  on  the 
back  side  of  the  strong  brass  meridian,  and  the  sun's 
declination  for  that  day ;  bring  the  given  place  to 
the  strong  brass  meridian,  and  set  the  horary  index 
to  XII  upon  the  equator;  turn  the  globe  from  west 
to  east,  until  the  horary  index  points  to  the  given 
time.     Then, 

All  those  places,  which  lie  in  the  plane  of  the 
western  side  of  the  broad  paper  circle,  see  the  sun 
rising,  and  at  the  same  time  those  on  the  eastern  side 
of  it  see  him  setting. 

It  is  noon  to  all  the  inhabitants  of  those  places 
under  the  upper  half  of  the  graduated  side  of  the 
strong  brass  meridian,  whilst  at  the  same  time  thos9 
under  the  lower  half  have  midnight. 

All  those  places  which  are  between  the  upi)er  sur- 
face of  the  broad  paper   circle,  and  the  wire  circle 
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under  it^  are  in  the  twilight,  which  begins  to  all  those 
places  on  the  we&tern  side  that  are  immediately  under 
the  wire  circle ;  it  ends  at  all  those  which  are  in  the 
plane  of  the  paper  circle. 

The  contrary  hapjDens  on  the  eastern  side ;  the 
twilight  is  just  beginning  to  those  places  in  which  the 
sun  is  setting,  and  its  ^nd  is  at  the  place  just  under 
the  wire  circle. 

And  those  places  which  are  under  the  twilight 
wire  circle  have  dark  night,  unless  the  moon  is  fa- 
vourable to  them. 

All  places  in  the  illuminated  hemisphere  have  the 
sun  s  altitude  equal  to  their  distance  from  the  edge 
of  the  enlightened  disc,  which  is  known  by  fixing  the 
quadrant  of  altitude  to  the  zenith,  and  laying  its  gra- 
duated edge  over  any  particular  place. 

The  sun's  depression  is  obtained  in  the  same 
manner  by  fixing  the  centre  of  the  quadrant  at  the 
nadir. 


Problem  xxix.  To  find  all  those  places  within 
the  polar  circles  on  which  the  sun  begins  to  shine, 
the  time  he  shines  constantly ^  when  he  begins  to  dis- 
appear, the  length  of  his  absence,  as  well  as  thejirst 
and  last  day  of  his  appearance  to  those  inhabitants ; 
the  day  of  the  month,  or  latitude  of  the  place  being 
given. 

Bring  the  given  day  of  the  month  on  the  back 
side  of  the  strong  brass  meridian  to  the  plane  of  the 
broad  paper  circle ;  the  sun  is  just  then  beginning 
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to  shine  on  all  those  places  which  are  in  the  parallel 
that  just  touches  the  edge  of  the  broad  paper  circle, 
and  will  for  several  days  seem  to  skim  all  around, 
and  but  a  little  above  their  horizon,  just  as  it  appears 
to  us  at  its  setting ;  bat  with  this  observable  differ- 
ence, that  whereas  our  setting-sun  appears  in  one 
part  of  the  horizon  only,  by  them  it  is  seen  in  every 
part  thereof;  from  west  to  south,  thence  east  to  north, 
and  so  to  west  again. 

Or  if  the  latitude  be  given,  elevate  the  globe  to 
that  latitude,  and  on  the  back  of  the  strong  brass 
meridian, opposite  to  the  latitude,  you  obtain  the  day 
of  the  month ;  then  all  the  other  requisites  are  an- 
swered as  above. 

As  the  two  concentric  spaces,  which  contain  the 
days  of  the  month  on  the  back  side  of  the  strong 
brass  meridian,  are  graduated  to  shew  the  opposite 
days  of  the  year,  at  1 80  degrees  distance  ;  when  the 
given  day  is  brought  to  coincide  with  the  broad 
paper  circle,  it  shews  when  the  sun  begins  to  shine 
on  that  parallel,  which  is  the  first  day  of  its  appear- 
ance above  the  horizon  of  that  parallel. 

And  the  plane  of  the  broad  paper  circle  cuts 
the  day  of  the  month  on  the  opposite  concentric 
space,  when  the  sun  begins  to  disappear  to  those  in- 
habitants. 

The  length  of  the  longest  day  is  obtained  by  rec- 
koning the  number  of  days  between  the  two  opposite 
days  found  as  above,  and  their  difference  from  365 
gives  the  length  of  their  longest  night. 
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Problem  xxx.  To  make  use  of  the  globe  as  a 
tellurian,  or  that  kind  of  orrery  which  is  chiejly  in- 
tended to  illustrate  the  phenomena  that  arise  from 
the  annual  and  diurnal  motions  of  the  earth. 

Describe  a  circle  with  chalk  upon  the  floor,  as 
large  as  the  room  will  admit  of,  so  that  the  globe 
may  be  moved  round  upon  it ;  divide  this  circle 
into  twelve  parts,  and  mark  them  with  the  charac- 
ters of  the  twelve  signs,  as  they  are  engraved  upon 
the  broad  paper  circle;  placing  95  at  the  north,  VJ 
at  the  south,  7"  ii^  ^^  ^^st,  and  £i:  in  the  west :  the 
mariner's  compass  under  the  globe  will  direct  the 
situation  of  these  points,  if  the  variation  of  the  mag- 
netic needle  be  attended  to. 

Note.  At  London  the  variation  is  now  23  decrees 
from  the  north-westward.  » 

Elevate  the  north  pole  of  the  globe,  so  that  66^ 
degrees  on  the  strong  brass  meridian  may  coincide 
with  the  surface  of  the  broad  paper  circle,  and  this 
circle  will  then  represent  the  plane  of  the  ecliptic^  or 
a  plane  coinciding  with  the  earth's  orbit. 

Set  a  small  table,  or  a  stool,  over  the  centre  of 
the  chalk  circle,  to  represent  the  sun,  and  place 
the  terrestrial  globe  upon  its  circumference  over  the 
point  marked  VJ,  with  the  north  pole  facing  the 
imaginary  sun,  and  the  north  end  of  the  needle  point- 
ing to  the  variation ;  and  the  globe  will  be  in  the  po- 
sition of  the  earth  with  respect  to  the  sun  at  the  time 
of  the  summer  solstice,  about  the  21st  of  June ;  and 
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the  earth's  axis,  by  this  rectification  of  the  globe,  is 
inchned  to  the  plane  of  the  large  chalked  circle,  as 
well  as  to  the  plane  of  the  broad  paper  circle,  in  an 
angle  of  66^-  dec^rees;  a  line,  or  string,  passing 
from  the  centre  of  the  imaginary  sun  to  that  of  the 
globe,  will  represent  a  central  solar  ray  connecting 
the  centres  of  the  earth  and  sun:  this  ray  will  fall 
upon  the  first  point  of  Cancer,  and  describe  that 
circle,  shewing  it  to  be  the  sun's  place  upon  the  ter- 
restrial ecliptic,  which  is  the  same  as  if  the  sun  s 
place,  by  extending  the  string,  was  referred  to  the 
opposite  side  of  the  chalked  circle^  there  representing 
the  earth's  path  in  the  heavens, 

If  we  conceive  a  plane  to  pass  through  the  centre 
of  the  globe  and  the  sun's  centre,  it  will  also  pass 
through  the  points  of  Cancer  and  Capricorn,  in  the 
terrestrial  ar^d  celestial  ecliptic  ;  the  central  solar 
ray,  in  this  position  ©f  the  earth,  is  also  in  that 
plane :  this  can  never  happen  but  at  the  times  of  the 
solstice. 

If  another  plane  be  conceived  to  pass  through  the 
centre  of  the  globe  at  right  angles  to  the  central  solar 
ray,  it  will  divide  the  globe  into  two  hemispheres ; 
that  next  the  cer>tre  of  the  chalked  circle  will  re- 
present the  earth's  illuminated  disc,  the  contrary  side 
of  the  same  plane  will  at  the  same  time  shew  the  ob- 
scure hemisphere. 

The  reader  may  realize  this  second  plane  by  cut- 
ting away  a  semicircle  from  a  sheet  of  card  paste^ 
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board,  with  a  radius  of  about  11  tenth  of  an  inch 
greater  than  that  of  the  globe  itself.* 

If  this  plane  be  applied  to  66 ^  degrees  upon  the 
strong  brass  meridian,  it  will  be  in  the  pole  of  the 
ecliptic ;  and  in  every  situation  of  the  globe  rouna 
the  circumference  of  the  chalked  circle,  it  will  af- 
ford a  lively  and  lasting  idea  of  the  various  pheno- 
mena arising  from  the  parallelism  of  the  earth's 
axis,  and  in  particular  the  daily  change  of  the 
sun's  declination^  and  the  parallels  thereby  de- 
scribed. 

Let  the  globe  be  removed  from  VJ  to  ^r:*,  and 
the  needle  pointing,  to  the  variation  as  before,  will 
preserve  the  parallelism  of  the  earth's  axis ;  then 
it  will  be  plain  that  the  string,  or  central  solar  ray, 
will  fall  upon  the  first  point  of  Leo,  six  signs  dis- 
tant from,  but  opposite  to  the  sign  xx:c,  upon  which 
the  globe  stands  ;  the  central  solar  ray  will  now  de- 
scribe the  20th  parallel  of  north  declination,  which 
will  be  about  the  23d  of  July. 

If  the  globe  be  moved  in  this  manner  point  to 
point  round  the  circumference  of  the  chalked  cir- 
cle, and  care  be  taken  at  every  removal  that  the 
north  end  of  the  magnetic  needle,  when  settled, 
points  to  the  degree  of  variation,  the  north  pole 
of  the  globe  will  be  observed  to  recede  from  the 
line  connecting  the  centres  of  the  earth  and  sun, 
until  the  globe  is  placed  upon  the  point  Cancer ; 


*  Or  he  may  have  a  plane  made  of  wood  for  ibis  purpose. 
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after  which,  it  will  at  every  removal  tend  more  and 
more  towards  the  said  line,  till  it  comes  to  Capricorn 
again. 


Problem  xxxi.    To  rectify  either  globe  to  the  lati^ 
tude  and  horizon  of  any  place. 

If  the  place  be  in  north  latitude,  raise  the  north 
pole ;  if  in  the  south  latitude,  raise  the  south  pole, 
until  the  degree  of  the  given  latitude,  reckoned  on 
the  strong  brass  meridian  under  the  elevated  pole, 
cuts  the  plane  of  the  broad  paper  circle ;  then  this 
circle  will  represent  the  horizon  of  that  place,  while 
the  place  remains  in  the  zenith,  but  no  longer.  This 
rectification  is  therefore  unnatural,  though  it  is  the 
mode  adopted  in  using  the  globes  when  mounted  in 
the  old  manner. 


Problem  xxxii.     To  rectify  for  the  sun's  place. 

After  the  former  rectification,  bring  the  degrees 
of  the  sun's  place  in  the  ecliptic  line  upon  the  globe 
to  the  strong  brass  meridian,  and  set  the  horary  in- 
dex to  the  Xllth  hour  upon  the  equator  which  is 
nost  elevated. 

Or  if  the  sun  s  place  is  to  be  retained,  to  answer 
various  conclusions,  bring  the  graduated  edge  of 
the  moveable  meridian  to  the  degree  of  the  sun's 
place  in  the  ecliptic,  and  slide  the  wire  which 
crosses  the  centre  of  the  artificial  horizon  thereto ; 
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then  bring  its  centre,  which  is  in  the  intersection  of 
the  aforesaid  wire,  and  graduated  edge  of  the  move- 
able meridian,  under  the  strong  brass  meridian  as 
before,  and  set  the  horary  index  to  that  XII,  on  the 
equator  which  is  most  elevated. 

Problem  xxxiii.     To  rectify  for  the  zenith  of  any 
place. 

After  the  first  rectification,  screw  the  nut  of  the 
quadrant  of  altitude  so  many  degrees  from  the  equa- 
tor, reckoned  on  the  strong  brass  meridian  towards 
the  elevated  pole,  as  that  pole  is  raised  above  the 
plane  of  the  broad  paper  circle,  and  that  point  will 
represent  the  zenith  of  the  place. 

Note,  The  zenith  and  nadir  are  the  poles  of  the 
horizon,  the  former  being  a  poiut  directly  over 
our  heads,  and  the  latter,  one  directly  under  our 
feet. 

If,  when  the  globe  is  in  this  state,  we  look  on 
the  opposite  side,  the  plane  of  the  horizon  v/ill  cut 
the  strong  brass  meridian  at  the  complement  of  the 
latitude,  which  is  also  the  elevation  of  the  equator 
above  the  horizon. 


OF  THE    SOLUTION    OF   PROBLEMS,    BY   EXPOSING  THE 
GLOBES   TO   THE    SUN's    RAYS. 

In  the  year  1679,  J-  Moxon  published  a  treatise 
on  what  he  called  "  The  English  Globe;  being  (say* 
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lie)  a  stable  and  immobile  one,  performing  wbat  the 
ordinary  globes  do,  and  mueh  more ;  invented  and 
described  by  the  Right  Hon.  the  Earl  of  Castle- 
mainer  I'his  globe  was  designed  to  perform,  by 
being  merely  exposed  to  the  sun's  rays,  all  those 
problems  which  in  the  usual  way  are  solved  by  the  ad- 
ventitious aid  of  brazen  meridians,  hour  indexes,  &c. 

My  father  thought  that  this  method  might  be 
useful,  to  ground  more  deeply  in  the  young  pupil's 
mind  those  principles  which  the  globes  are  intended 
to  explain  ;  and  by  giving  him  a  different  view  of 
he  subject,  improve  and  strengthen  his  mind ;  he 
therefore  inserted  on  his  globes  some  lines,  for  the 
purpose  of  solving  a  few  problems  in  Lord  Castle- 
maine's  manner. 

It  appears  to  me,  from  a  copy  of  Moxon's  publi- 
cation, which  is  in  my  possession,  that  the  Earl  of 
Castlemaine  projected  a  new  edition  of  his  works,  as 
the  copy  contains  a  great  number  of  corrections, 
many  alterations,  and  some  additions.  It  is  not 
very  improbable,  that  at  some  future  day  I  may  re- 
publish this  curious  work,  and  adapt  a  small  globe 
for  the  solution  of  the  problems. 

The  meridians  on  our  new  terrestrial  globes  being 
secondaries  to  the  equator,  are  also  hour  circles,  and 
are  marked  as  such  with  Koman  figures,  under  the 
equator,  and  at  the  polar  circles  But  there  is  a  dif- 
ference in  the  figures  placed  to  the  same  hour  circle  ; 
if  it  cuts  the  Hid  hour  upon  the  polar  circles,  it  will 
cut  the  IXth  hour  upon  the  equator,  which  is  six 
hours  later,  and  so  of  all  the  regt. 

Tlirough  the  great  Pacific  sea,  and  the  intersec- 
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tiort  of  Libra^  is  drawn  a  broad  meridian  from  pole  to 
pole ;  it  passes  through  the  Xllth  hour  upon  the 
equator,  and  the  Vlth  hour  upon  each  of  the  polar 
circles ;  this  hour  circle  is  graduated  into  degrees 
and  parts,  and  numbered  from  the  equator  towards 
either  pole. 

There  is  another  broad  meridian  passing  through 
the  Pacific  sea,  at  the  IXth  hour  upon  the  equator, 
and  the  Hid  hour  upon  each  polar  circle  ;  this  con- 
tains only  one  quadrant,  or  90  degrees ;  the  numbers 
annexed  to  it  begin  at  the  northern  polar  circle_,  and 
end  at  the  tropic  of  Capricorn. 

Here  we  must  likewise  observe,  there  are  23 
concentric  circles  drawn  upon  the  terrestrial  globe 
within  the  northern  and  southern  polar  circles,  which 
for  the  future  we  shall  call  polar  parallels  ;  they  are 
placed  at  the  distance  of  one  degree  from  each  other, 
and  represent  the  parallels  of  the  sun's  declination, 
but  in  a  different  manner  from  the  47  parallels  be- 
tween the  tropics. 

The  following  problems  require  the  globe  to  be 
placed  upon  a  plane  that  is  level,  or  truly  horizontal, 
which  is  easily  attained,  if  the  floor,  pavement,  gra- 
vel-walk, in  the  garden,  &c.  should  not  happen  to  be 
horizontal.  1 

A  flat  seasoned  board,  or  any  box  which  is  about 
two  feet  broad,  or  two  feet  square,  if  the  top  be 
perfectly  flat,  will  answer  the  purpose;  the  upper 
surface  of  either  may  be  set  truly  horizontal,  by 
the  help  of  a  pocket  spirit  level,  or  plumb-rule,  if 
you  raise  or  depress  this  or  that  side  by  a  wedge  or 
two  as  the  spirit  level  shall  direct ;  if  you  have  a  me- 
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ridian  line  drawn  on  the  place  over  which  you  sub- 
stitute this  horizontal  plane,  it  may  be  readily  trans- 
ferred from  thence  to  the  surface  just  levelled ;  this 
being  done,  we  are  prepared  for  the  solution  of  the 
following  problems. 

It  will  be  necessary  to  define  a  term  we  are 
obliged  to  make  use  of  in  the  solution  of  these 
problems,  namely,  the  shade  of  extuherancy :  by 
this  is  meant  that  shade  which  is  caused  by  the 
sphericity  of  the  globe,  and  answers  to  what  we 
have  heretofore  named  the  terminator,  defining 
the  boundaries  of  the  illuminated  and  obscure 
parts  of  the  globe ;  this  circle  was,  in  the  solution 
of  some  of  the  foregoing  problems,  represented  by 
the  broad  paper  circle,  but  is  here  realized  by  the 
rays  of  the  sun. 

Problem  xxxiv.  To  observe  the  sun^s  altitude, 
hy  the  terrestrial  globe,  when  he  shines  bright ,  or 
when  he  can  but  just  be  discerned  through  a  clouds 

Elevate  the  north  pole  of  the  globe  to  6G^  de- 
grees ;  bring  that  meridian,  or  hour  circle,  which 
passes  through  the  IXth  hour  upon  the  equator, 
under  the  graduated  side  of  the  strong  brass  meri- 
dian ;  the  globe  being  now  set  upon  the  horizon- 
tal plane,  turn  it  about  thereon,  frame  and  all, 
that  the  shadow  of  the  strong  brass  meridian  may 
fall  directly  under  itself;  or,  in  other  words,  that 
the  shade  of  its  graduated  face  may  fall  exactly 
upon  the  aforesaid  hour  circle :  at  that  instant  the 
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shade  of  extuberancy  will  touch  the  true  degree 
of  the  sun's  altitude  upon  that  meridian,  which 
j)asses  through  the  IXth  hour  upon  the  equator, 
reckoned  from  the  polar  circle ;  the  most  elevated 
part  of  which  will  then  be  in  the  zenith  of  the  place 
where  this  operation  is  performed,  and  is  the  same 
whether  it  should  happen  to  be  either  in  north  or 
south  latitude. 

Thus  we  may,  in  an  easy  and  natural  manner, 
obtain  the  altitude  of  the  sun,  at  any  time  of  the 
day,  by  the  terrestrial  globe  ;  for  it  is  very  plain, 
when  the  sun  rises  he  brushes  the  zenith  and  nadir 
of  the  globe  by  his  rays ;  and  as  he  always  illumi- 
nates half  of  it,  (or  a  few  minutes  more,  as  his 
globe  is  considerably  larger  than  that  of  the  earth) 
therefore,  when  the  sun  is  risen  a  degree  higher, 
he  must  necessarily  illuminate  a  degree  beyond 
the  zenith,  and  so  on  proportion  ably  from  time  to 
time. 

But,  as  the  illuminated  part  is  somewhat  more 
than  half,  deduct  13  minutes  from  the  shade  of  ex- 
tuberancy, and  you  have  the  sun's  altitude  with  to- 
lerable exactness. 

If  you  have  any  doubt  how  far  the  shade  of  ex- 
tuberancy reaches,  hold  a  pin,  or  your  finger,  on 
the  globe,  between  the  sun  and  point  in  dispute, 
and  where  the  shade  of  either  is  lost,  will  be  the 
point  sought. 

IFhen  the  sun  does  not  shine  hright  enough  to  cast 
a  shadow.  Turn  the  meridian  of  the  globe  towardi 
the  sun,  as  before,  or  direct  it  so  that  it  may  lie  in 
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the  same  plane  with  it,  which  may  be  done  if  yott 
have  but  the  least  glimpse  of  the  sun  through  a 
cloud ;  hold  a  string  in  both  hands,  it  having  first 
been  put  between  the  strong  brass  meridian  and  the 
globe;  stretch  it  at  right  angles  to  the  meridian, 
and  apply  your  face  near  to  the  globe,  moving  your 
eye  lower  and  lower,  till  you  can  but  just  see  the 
sun;  then  bring  the  string  held  as  before  to  this 
point  upon  the  globe,  that  it  may  just  obscure  the 
sun  from  your  sight,  and  the  degree  on  the  aforesaid 
hour  circle,  which  the  string  then  lies  upon,  will  be 
the  sun's  altitude  required,  for  his  rays  would  shew 
the  same  point  if  he  shone  out  bright. 

Note.  The  moon's  altitude  may  be  observed  by 
either  of  these  methods,  and  the  altitude  of  any  star 
by  the  last  of  them. 

Problem  xxxv.  To  place  the  terrestrial  glohe 
in  the  suns  rays,  that  it  may  represent  the  natural 
position  of  the  earth,  either  by  a  meridian  line,  or 
without  it. 

If  you  have  a  meridian  line,  set  the  north  and 
south  points  of  the  broad  paper  circle  directly 
over  it,  the  north  pole  of  the  globe  being  elevated 
to  the  latitude  of  the  place  ;  and  standing  upon  a 
level  plane,  bring  the  place  you  are  in  under  the 
graduated  side  of  the  strong  brass  meridian,  then 
the  poles  and  parallel  circles  upon  the  globe  will, 
without  sensible  error,  correspond  -with  those  in 
the  heavens,  and  each  point,  kingdom,  and  state. 
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will  be  turned  towards  the  real  one  which  it  repre- 
sents. 

if  you  have  no  meridian  line,  then  the  day  of  the 
'month  being  known,  find  the  sun's  declination  as 
before  instructed,  which  will  direct  you  to  the  pa- 
rallel of  the  day,  amongst  the  polar  parallels,  reckon- 
ed from  either  pole  towards  the  polar  circle ;  which 
you  are  to  remember. 

Set  the  globe  upon  your  horizontal  plane  in  the 
sun-shine,  and  put  it  nearly  north  and  south  by  the 
mariner's  compass,  it  being  first  elevated  to  the  lati- 
tude of  the  place,  and  the  place  itself  brought  under 
the  graduated  side  of  the  strong  brass  meridian; 
then  mov  ^  the  frame  and  globe  altogether,  till  the 
shade  of  extuberancy,  or  term  of  illumination,  just 
touches  the  polar  parallel  for  the  day,  and  the  globe 
will  be  settled  as  before ;  and,  if  accurately  per- 
formed;,  the  variation  of  the  magnetic  needle  will  be 
shewn  by  tlie  degree  to  which  it  points  in  the  com- 
pass-box. 

And  here  observe,  if  the  parallel  for  the  day 
should  not  happen  to  fall  on  any  one  of  those  drawii 
upon  the  globe,  you  are  to  estimate  a  proportionable 
part  between  them,  and  reckon  that  the  parallel  of 
the  day.  If  we  had  drawn  more,  the  globe  would 
have  been  confused. 

The  j:eason  of  this  operation  is,  that  as  the  sun  il- 
luminates half  the  globe,  the  shade  of  extuberancy 
will  constantly  be  90  degrees  from  the  point  wherein 
the  sun  is  vertical. 

If  the  sun  be  in  the  equator,  the  shade  and  illu- 
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mination  must  terminate  in  the  poles  of  the  world  ; 
and  when  he  is  in  any  other  diurnal  parallel,  the 
terms  of  illumination  must  fall  short  of,  or  go  be- 
yond either  pole,  as  many  degrees  as  the  parallel 
which  the  sun  des^cribes,  that  day  is  distant  from  the 
equator  ;  therefore,  when  the  shade  of  extuberancy 
touches  the  polar  parallel  for  the  day,  the  artificial 
globe  will  be  in  the  same  position,  with  respect  to 
the  sun,  as  the  earth  really  is,  and  will  be  illuminated 
in  the  same  manner. 


Problem  xxxvi.      Tojind  naturally  the  surCs  de- 
clination,  diurnal  parallel,  and  Im  place  thereon. 

The  globe  being  set  upon  an  horizontal  plane, 
and  adjusted  by  a  meridian  line  or  otherwise,  ob- 
serve upon  which,  or  between  which  polar  parallel 
the  term  of  illumination  falls  ;  its  distance  from  the 
pole  is  the  degree  of  the  sun*s  declination ;  reckon 
the  distance  from  the  equator  among  the  larger  pa- 
rallels, and  you  have  the  parallel  which  the  sun 
describes  that  day  ;  upon  which,  if  you  move  a 
card,  cut  in  the  form  of  a  double  square,  until  its 
shadow  falls  under  itself,  you  will  obtain  the  very 
place  upon  that  parallel  over  which  the  sun  is  ver- 
tical at  any  hour  of  that  day,  if  you  set  the  place 
you  are  in  under  the  graduated  side  of  the  strong 

brass  meridian. 

JVote.     The  moon's  declination,  diurnal  parallel, 

and  place,  may  be  found  in  the  same  manner.     Like- 
wise, when  the  sun  does  not  shine  bright,  his  decli- 
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nation,  &c.  may  be  found  by  an  application  in  the 
manner  of  problem  xxxiv. 


Problem  xxxvii.  To  find  the  sun^s  azimuih  natu- 
rally. 

If  a  great  circle,  at  right  angles  to  the  horizon, 
passes  through  the  zenith  and  nadir,  and  also 
through  the  s\m's  centre,  its  distance  from  the 
meridian  in  the  morning  or  evening  of  any  day, 
reckoned  upon  the  degrees  of  the  inner  edge  of 
the  broad  paper  circle,  will  give  the  azimuth  re- 
quired. 

Method  L 

Elevate  either  pole  to  the  position  of  a  parallel 
sphere,  by  bringing  the  north  pole  in  north  lati- 
tude, and  the  south  pole  into  south  latitude,  into 
the  zenith  of  the  broad  paper  circle,  having  first 
placed  the  globe  upon  your  meridian  line,  or  by 
the  other  method  before  described  ;  hold  up  a 
plumb-line,  so  that  it  may  pass  freely  near  the  out- 
ward edge  of  the  broad  paper  circle,  and  move  it 
so  that  the  shadow  of  the  string  may  fall  upon  the 
elevated  pole ;  then  cast  your  eye  immediately  to  its 
shadow  on  the  broad  paper  circle,  and  the  degree  it 
there  falls  upon  is  the  sun's  azimuth  at  that  time, 
which  maybe  reckoned  from  either  the  south  or  north 
points  of  the  horizon. 
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Method  11. 


If  you  have  only  a  glimpse,  or  faint  sight  of  the 
sun,  the  globe  being  adjusted  as  before,  stand  on  the 
shady  side,  and  hold  the  plumb-line  on  that  side  also, 
and  move  it  till  it  cuts  the  sun  s  centre,  and  the  ele- 
Tated  pole  at  the  same  time  ;  then  cast  your  eye  to- 
wards the  broad  paper  circle,  and  the  degree  it  there 
cuts  is  the  sun's  azimuth,  which  must  be  reckoned 
froin  the  opposite  cardinal  point. 


Problem  xxxviii.  To  shew  that  in  some  places  of 
the  earth's  surface,  the  sun  will  be  twice  on  the 
same  azimuth  in  the  morning,  and  twice  on  the  same 
azimuth  in  the  afternoon  :  or  in  other  words, 

When  the  declination  of  the  sun  exceeds  the  lati- 
tude of  any  place,  on  either  side  of  the  equator,  the 
sun  will  be  on  the  same  azimuth  twice  in  a  morning, 
and  twice  in  the  afternoon. 

Thus,  suppose  the  globe  rectified  to  the  latitude  of 
Antigua,  which  is  about  17  degrees  of  north  latitude, 
and  the  sun  to  be  in  the  beginning  of  Cancer,  or  to 
have  the  greatest  north  declination  ;  set  the  qua- 
drant of  altitude  to  the  21st  degree  north  of  the 
east  in  the  horizon,  and  turn  the  globe  upon  its 
axis,  the  sun's  centre  will  be  on  that  azimuth  at  6h. 
30  min.  and  also  at  10  h.  30  min.  in  the  morning. 
At  8  h.  30  min.  the  sun  will  be  as  it  were  stationar}% 
with  respect  to  its  azimuth,  for  some  time;  as  it 
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will  appear  by  placing  the  quadrant  of  altitude  to 
the  1 7th  degree  north  of  the  east  in  the  horizon.  If 
the  quadrant  be  set  to  the  same  degrees  north  of  the 
west,  the  sun's  centre  will  cross  it  twice  as  it  ap- 
proaches the  horizon  in  the  afternoon. 

This  appearance  will  happen  more  or  less  to  all 
places  situated  in  the  torrid  zone,  whenever  the 
sun's  declination  exceeds  their  latitude  ;  and  from 
hence  we  may  infer,  that  the  shadow  of  a  dial  whos6 
gnomon  is  erected  perpendicular  to  an  horizontal 
plane,  must  necessarily  go  back  several  degrees  on 
the  same  day. 

But  as  this  can  only  happen  in  the  torrid  zone,  and 
as  Jerusalem  lies  about  8  degrees  to  the  north  of  the 
tropic  of  Cancer,  the  retrocession  of  the  shadow  on 
the  dial  of  Ahaz,  at  Jerusalem,  was,  in  the  strictest 
signification  of  the  word,  miraculous. 


Problem  xxxix.  To  observe  the  hour  oj  the  day 
in  the  most  natural  manner,  when  the  terrestrial 
globe  is  properly  placed  in  the  sunshine. 

There  are  many  ways  to  perform  this  operation 
with  respect  to  the  hour,  three  of  which  are  here 
inserted,  being  general  to  all  the  inhabitants  of  the 
earth  ;  a  fourth  is  added,  peculiar  to  those  of  Lon- 
don, which  will  answer,  without  sensible  error,  at 
anyplace  not  exceeding  the  distance  of  60  miles  from 
this  capital. 
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By  a  natural  Style, 

Having  rectified  the  globe  as  before  directed,  and 
placed  it  upon  an  horizontal  plane  over  )'our  meridian 
line,  or  by  the  other  method,  hold  a  long  pin  upon 
the  illuminated  pole,  in  the  direction  of  tlie  polar 
axis,  and  its  shadow  will  shew  the  hour  of  the  day 
amongst  the  polar  parallels. 

The  axis  of  the  globe,  being  the  common  section 
of  the  hour  circles,  is  in  the  plane  of  each;  and  as  we 
su})pose  the  glol^e  to  be  j)roperly  adjusted,  they  will 
correspond  with  those  in  the  heavens ;  therefore  the 
shade  of  a  pin,  which  is  the  axis  continued,  must  fall 
upon  the  true  hour  circle. 


IL    By  an  artificial  Style 

Tie  a  small  string,  with  a  noose,  round  the  ele- 
vated pole,  stretch  its  other  end  beyond  the  globe, 
and  move  it  so  that  the  shadow  of  the  string  may 
fall  upon  the  depressed  axis ;  at  that  instant  its 
shadow  upon  the  equator  will  give  the  solar  hour  to 
a  minute. 

But  remember,  that  either  the  autmnnal  or  vernal 
equinoctial  colore  must  first  be  ])Iaced  under  thq 
gi-aduated  side  of  the  strong  brass  meridian,  before 
you  observe  the  hour,  each  of  these  being  marked 
ttpon  the  equator  with  the  hour  XII. 

The  string  in  this  last  case  being  moved  into  the 
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plane  of  the  sun,  corresponds  with  the  true  hour  cir- 
cle, and  consequently  gives  the  true  hour. 


III.     Without  any  style  at  all. 

Every  thing  being  rectified  as  before,  look  where 
the  shade  of  extuberancy  cuts  the  equator,  the  colure 
being  under  the  graduated  side  of  the  strong  brass 
meridian,  and  you  obtain  the  hour  in  two  places  upon 
the  equator,  one  of  them  going  before,  and  the  other 
folio  whig  the  sun. 

Note.  If  this  shade  be  dubious,  apply  a  pin,  or 
your  finger,  as  before  directed. 

The  reason  is,  that  the  shade  of  extuberancy  be- 
ing a  great  circle,  cuts  the  equal  in  half,  and  the 
sun,  in  whatsoever  parallel  of  declination  he  may 
Iiappen  to  be,  is  always  in  the  pole  of  the  shade; 
consequently  the  confines  of  light  and  shade  will 
shew  the  true  hour  of  the  day. 


IV.    Peculiar  to  the  inhahitants  of  London,  and  any 
place  within  the  distance  of  sixty  miles  from  it. 

The  globe  being  every  way  adjusted  as  before, 
and  London  brought  under  the  graduated  side  of 
the  strong  brass  meridian,  hold  a  plumb-line,  so 
that  its  shadow  may  fall  upon  the  zenith  point, 
(which,  in  this  case,  is  London  itself)  and  the  shadow 
of  the  string  will  cut  the  parallel  of  the  day  upon 
that  point  to  which  the  sun  is  then  vertical,  and  that 

p  1 
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hour  circle  upon  which  this  intersection  falls  is  the 
hour  of  the  day ;  and  as  the  meridians  are  drawn 
within  the  tropics,  at  20  minutes  distance  from  each 
other,  the  point  cut  by  the  intersection  of  the  string 
upon  the  parallel  of  the  day,  being  so  near  the  equa- 
tor, may,  by  a  glance  of  the  observer  s  eye,  be  referred 
thereto,  and  the  true  time  obtained  to  a  minute. 

The  plumb-line  thus  moved  is  the  azimuth ;  which, 
by  cutting  the  parallel  of  the  day,  gives  the  sun's 
place,  and  consequently  the  hour  circle  which  inter- 
sects it. 

From  this  last  operation  results  a  corollary,  that 
gives  a  second  way  of  rectifying  the  globe  to  the* 
sun's  rays. 

If  the  azimuth  and  shade  of  the  illuminated  axis 
agree  in  the  hour  when  the  globe  is  rectified,  then 
making  them  thus  to  agree,  must  rectify  the  globe. 

Corollary.     Another  method  to  rectify  the  globe 
to  the  suns  rays. 

Move  the  globe,  till  the  shadow  of  the  plumb-line, 
which  passes  through  the  zenith,  cuts  the  same  hour 
on  the  parallel  of  the  day  that  the  shade  of  the  pin, 
held  in  the  direction  of  the  axis,  falls  upon  amongst 
the  polar  parallels,  and  the  globe  is  rectified. 

The  reason  is,  that  the  shadow  of  the  axis  repre- 
sents an  hour  circle ;  and  by  its  agreement  in  the 
same  hour,  which  the  shadow  of  the  azimuth  string 
points  out,  by  its  intersection  on  the  parallel  of  the 
^ay,  it  shews  the  sun  to  he  in  the  plane,  of  the  jMiid 
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parallel ;  which  can  nerer  happen  in  the  morning  on 
the  eastern  side  of  the  globe,  nor  in  the  evening  on 
the  western  side  of  it,  but  when  the  globe  is  rectified. 

This  rectification  of  the  globe  is  only  placing  it  in 
such  a  manner,  that  the  principal  great  circles  an4 
points  may  concur  and  fall  in  with  those  of  the 
heavens. 

The  many  advantages  arising  from  these  problems, 
relating  to  the  placing  of  the  globe  in  the  sun's  rays, 
the  tutor  will  easily  discern,  and  readily  extend  to  his 
©wn,  as  well  as  to  the  benefit  of  his  pupil. 


6.3 
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GENEItAL  PRINCIPLES 

.  OF 

DIALLING, 

ILLUSTRATED   BY 

THE  TERRESTRIAL  GLOBE. 


IHE  art  of  dialling  is  of  very  ancient  origin,  and 
was  in  former  times  cultivated  by  all  who  'had  any 
pretensions  to  science ;  and  before  the  invention  of 
clocks  and  watches  it  was  of  the  highest  import- 
ance^ and  is  even  now  used  to  correct  and  regulate 
them. 

It  teaches  us  by  means  of  the  sun's  rays  to  divide 
time  into  equal  parts,  and  to  represent  on  any  given 
surface  the  different  circles  into  which,  for  conve- 
nience, we  suppose  the  heavens  to  be  divided,  but 
principally  the  hour  circles. 

The  hours  are  »marked  upon  a  plane,  and  pointed 
out  by  the  interposition  of  a  body,  which  receiving 
the  light  of  the  sun,  casts  a  shadow  upon  the  plane. 
This  body  is  called  the  axis,  when  it  is  parallel, 
to  the  axis  of  the  world.  It  is  called  the  style 
when  it  is  so  placed  that  only  the  end  of  it  coincides 


THE    GENERAL   PRINCIPLES  2^0 

with  the  axis  of  the  earth  ;  in  this  case,  it  is  only  this 
point  which  marks  the  hours. 

Among  the  various  pleasing  and  profitable  amuse- 
ments, which  arise  from  the  use  of  globes,  that  of 
dialling  is  not  the  least.  By  it  the  pupil  will  gain 
satisfoctory  ideas  of  the  principles  on  which  this 
branch  of  science  is  founded ;  and  it  will  reward  with 
abundance  of  pleasure,  those  that  chuse  to  exercise 
themselves  in  the  practise  of  it. 

If  we  imagine  the  hour  circles  of  any  place,  as 
London,  to  be  drawn  upon  the  globe  of  the  earth, 
and  suppose  this  globe  to  be  transparent,  and  to 
revolve  round  a  real  axis,  which  is  opake,  and 
casts  a  shadow ;  it  is  evident,  that  whenever  the 
plane  of  any  hour  semicircle  points  at  the  sun, 
the  shadow  of  the  axis  will  fall  upon  the  opposite 
semicircle.* 

Let  aPCp.  plate  13,  Jig.  1,  represent  a  trans- 
parent globe ;  abcdefg  the  hour  semicircles,  it  is 
clear,  that  if  the  semicircle  Tap  points  at  the  sun, 
the  shadow  of  the  axis  will  fall  upon  the  opposite 
semicircle. 

If  we  imagine  any  plane  to  pass  through  the  centre 
of  this  transparent  globe,  the  shadow  of  half  the  axis 
will  always  fall  upon  one  side  or  the  other  of  this  in- 
tersectinoj  plane. 

Thus,  let  ABCD  be  the  plane  of  the  horizon  of 
London ;  so  long  as  the  sun  is  above  the  horizon, 

*  Long's  Asironemy,  vol.  I.  p.  8^ 
S  4 
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the  shadow  of  the  upper  half  of  the  axis  will  fall 
somewhere  upon  the  upper  side  of  the  plane  ABCD  j 
when  the  sun  is  below  the  horizon  of  London^  then 
the  shadow  of  the  lower  half  of  the  axis  E  falls  upon 
the  lower  side  of  the  plane. 

When  the  plane  of  any  hour  semicircle  points 
at  the  sun^  the  shadow  of  the  axis  marks  the  re- 
spective hour-line  upon  the  intersecting  plane.  The 
hour-line  is  therefore  a  line  drawn  from  the  centre 
c^f  the  intersecting  plane,  to  that  point  where  this 
plane  is  cut  by  the  sernicircle  opposite  to  the  hour 
semicircle. 

Thus  let  ABCD,  plate  13,  Jig,  I  y  the  horizon 
of  London^  be  the  intersecting  plane,  when  the  mcr 
ridian  of  London  points  at  the  sun,  as  in  the  present 
figure,  the  shadow  of  the  half  axis  PE  falls  upon  the 
line  EB,  which  is  drawn  from  E,  the  centre  of  the 
horizon,  to  the  point  where  the  horizon  is  cut  by  the 
opposite  semicircle ;  therefore  EB  is  the  line  for  the 
hour  of  twelve  at  noon. 

By  the  same  method  the  rest  of  the  hour-lines  are 
found,  by  drawing  for  every  hour  a  line,  from  the 
centre  of  the  intersecting  plane,  to  that  semicircle 
which  is  opposite  to  the  hour  semicircle. 

Thus  plate  13,  ^g.  2,  shews  the  hour-lines  drawn 
upon  the  piano  of  the  horizon  of  London,  with  only 
so  many  hours  as  are  necessary ;  that  is,  those  hours 
during  which  the  sun  is  above  the  horizon  of  Lon- 
don,  on  the  longest  day  in  summer. 

If,  when  the  hour-lines  are  thus  found,  the  semi- 
circles be  taken  away,  as  the  scaffolding  is  when  the 
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house  is  built^  what  remains,  as  in^^-.  2,  will  be  an 
horizontal  dial  for  London. 

If  instead  of  twelve  hour  circles,  as  above  de- 
scribed, we  take  twice  that  number,  we  may  by  the 
points,  where  the  intersecting  plane  is  cut  by 
them,  find  the  lines  for  every  half  hour;  if  we 
take  four  times  the  number  of  hour  circles,  we  may 
find  the  lines  for  every  quarter  of  an  hour,  and  so  on 
progressively. 

We  have  hitherto  considered  the  horizon  ofLon* 
don  as  the  intersecting  plaiie,  by  which  is  seen  the 
method  of  making  an  horizontal  dial.  If  we  take 
any  other  plane  for  the  intersecting  plane,  and 
find  the  i^oints  where  the  hour  semicircles  pass 
through  it,  and  draw  the  lines  from  the  centre  of  the 
plane  to  those  points,  we  shall  have  the  hour-lines  for 
that  plane. 

Plate  1  v3,  Jig.  3,  shews  how  the  hour-lines  are 
found  upon  a  south  plane,  perpendicular  to  the  ho* 
jrizon.  Fig.  4,  shews  a  south  dial,  with  its  hour- 
Jines  without  the  semicircle,  by  means  whereof  they 
(^re  found. 

The  gnomon  of  every  sun  dial  represents  the  axis 
jof  the  earth,  and  is  therefore  always  placed  parallel 
to  it ;  whether  it  be  a  wire,  as  in  the  figure  before 
us,  or  the  edge  of  a  brass  plate,  as  in  a  common  ho- 
rizontal dial. 

The  whole  earth,  as  to  its  bulk,  is  but  a  point, 
if  compared  to  its  distance  from  the  sun;  there- 
fore, if  a  small  sphere  of  glass  be  placed  on  any 
part  of  the  earth's  surface,  so  that  its  axis  be  pa- 
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rallel  to  the  axis  of  tlie  earth,  and  the  sphere  have 
such  lines  upon  it,  and  such  planes  within  it,  as 
above  described,  it  will  shew  the  hour  of  the  day 
as  truly  as  if  it  were  placed  at  the  centre  of  the 
eaith,  and  the  shell  of  the  earth  were  as  transparent 
as  glass. 

A  wire  sphere,  with  a  thin  flat  plate  of  brass  with- 
in it,  is  often  made  use  of  to  explain  the  principles 
of  dialling. 

From  what  has  been  said,  it  is  clear  that  dialling 
depends  on  finding  where  the  shadow  of  a  straight 
wire,  parallel  to  the  axis  of  the  earth,  will  fall  upon 
a  given  plane,  eveiy  hour,  half  hour,  &c.  the  hour- 
lines  being  found  as  above  described,  which  we  shall 
proceed  to  exemphfy  by  the  globe. 

Every  dial  plane  (that  is,  the  plane  surface  on 
which  a  dial  is  drawn)  represents  the  plane  of  a  great 
circle,  which  circle  is  an  horizon  to  some  country  or 
other. 

The  centre  of  tlie  dial  represents  the  pentre  of  the 
eartli ;  and  the  gnomon  which  casts  the  shade  repre- 
sents the  axis,  and  ought  to  point  directly  to  the  poles 
of  the  equator. 

The  plane  upon  which  dials  are  delineated  may 
be  either,  1.  parallel  to  the  horizon;  2.  perpendi 
cular   to  the_  horizon  ;    or,    3.  cutting  it  at  oblique 
angles. 
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Problem  xl.     To  construct  an  horizontal  dial  for 
ant/ given  latitude,  hy  means  of  the  terrestrial  globe. 

Elevate  the  pole  to  tlie  latitude  of  the  place, 
then  bring  the  tirst  meridian  under  the  graduated 
edge    of  the    strong  brazen   one,  which  will  then 
be    over  the  hour  XII,   or  the  equator.      As  our 
globes  have  meridians   drawn  through  every  fifteen 
degrees    of  the   equator,   these   meridians  will  re- 
present the  true  circles  of  the  sphere,  and   will  in- 
tersect the  horizon  of  the  globe,   in   certain  points 
on    each    side  of  the   meridian.      The  distance  of 
these  points  from  the  meridian  must  be  carefully 
noted  down  upon  a  piece  of  paper,  as  will  be  seen 
in  the  example.      The  pupil  need  not,  however, 
take  out  into  his  table  the  distances  further  than  ■ 
from  XII  to  VI,  which  is  just  90  degrees  ;  for  the 
distances  of  XI,   X,   IX,  VIII,   VII,  VI,    in  the 
forenoon,  are  the  same  from   XII  as  the  distances 
of  I,   II,    III,    IV,   V,  VI,  in  the   afternoon ;   and 
these  hour-lines  continued  through  the  centre,  will 
give  the  opposite  hour-lines  on  the  other  half  of  thQ 
dial. 

No  more  hour-lines  need  be  drawn  than  what  an- 
swer to  the  sun's  continuance  above  the  horizon, 
on  the  longest  day  of  the  year,  in  the  given  la- 
titude. 

Example.  Suppose  the  given  place  to  be  London, 
whose  latitude  is  51  deg.  30  min.  north. 

Elevate  the  north  pole  of  the  globe  to  5 1 1  degrees 
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above  the  horizon ;  then  will  the  axis  of  the  globe 
have  the  same  elevation  above  the  broad  paper  cir- 
cle, as  the  gnomon  of  the  dial  is  to  have  above  the 
plane  thereof. 

Turn  the  globe  till  the  first  meridian  (which  on 
English  globes  passes  through  London)  is  under  the 
graduated  side  of  the  strong  brazen  meridian  ;  then 
observe  and  note  the  points  where  the  hour-  circles 
intersect  the  horizon ;  and  as  on  our  globes  the 
inner  graduated  circle,  on  the  broad  paper  circle, 
begins  from  the  two  sixes,  or  east  and  west,  we  shall 
begin  from  thence,  calling  the  hour  -  VI  O*'  O' 
we  shall  find  the  other  hours  intersecting  the  hori- 
5&on  at  the  following  degrees ; 


V 

18° 

54' 

IV 

36 

24 

ni 

51 

57 

n 

65 

41 

I 

78 

9 

which  are  the  respective  distances  of  the  above  hours 
from  VI  upon  the  plane  of  the  horizon, 

To  transfer  these,  and  the  rest  of  the  hours,  upon 
an  horizontal  plane,  draw  the  parallel  right  lines 
ac,  and  hd,  plate  13,  Jig.  5,  upon  that  plane,  as 
far  from  each  other  as  is  equal  to  the  intended 
thickness  of  the  gnomon  of  the  dial,  and  the  space 
included  between  them,  will  be  the  meridian,  or 
twelve  o'clock  line  upon  the  dial ;  cross  this  meri- 
dian at  right  angles,  by  the  line  gh,  which  will  be 
the  six  o'clock  line ;  then  setting  one  foot  of  your 
compasses  in  the  intersection  a,  describe  the  qua- 
drant ge  with  any  convenient  radius,  or  opening 
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of  the  compasses ;  after  this,  set  one  foot  of  the 
compasses  in  the  intersection  h,  as   a  centre,  and 
with  the  same  radius  describe  the  quadrant  ^A ;  then  , 
divide  each  quadrant  into  90  equal  parts,  or  degrees, 
as  in  the  figure. 

Because  the  hour-lines  are  less  distant  from  each 
other  about  noon,  than  in  any  other  parts  of  the  dial, 
it  is  best  to  have  the  centres  of  the  quadrants  at  some 
distance  from  the  centre  of  the  dial-plane,  in  order 
to  enlarge  the  hour-distances  near  XII ;  thus  the 
centre  of  the  plane  is  at  A,  but  the  centre  of  the 
quadrants  is  at  a  and  b. 

Lay  a  rule  over  78"  9',  and  the  centre  h,  and 
draw  there  the  hour-line  of  I.  Through  h^  and 
65  41,  gives  the  hour  line  of  II.  Through  h,bl  57, 
that  of  III.  Tlirough  the  same  centre,  and  36  24,  we 
obtain  the  hour-line  of  IV.  And  through  it,  and 
18  54,  that  of  V^.  And  because  the  sun  rises  about 
four  in  the  morning,  continue  the  hour-lines  of  IV 
and  V  in  the  afternoon,  through  the  centre  h  to 
the  opposite  side  of  the  dial. 

Now  lay  a  rule  successively  to  the  centre  a  of 
the  quadrant  eg,  and  the  like  elevations  or  degrees 
of  that  quadrant  78  9,  65  41,  51  57,  36  24,  18  54, 
which  will  give  the  forenoon  hours  of  XI,  X,  IX, 
VIII,  and  VII ;  and  because  the  sun  does  not  set 
before  VIII  inthe  evening  on  the  longest  days,  conti- 
nue the  hour-lines  of  VII  and  VIII  in  the  afternoon, 
and  all  the  hour-lines  will  be  finished  on  this  dial. 

Lastly,  through  514-  degrees  on  either  quadrant, 
and  from  its  centre^    draw  tlie  right  line  Qg  for  the 
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axis  of  the  gnomon  agl,  and  from  g  let  fall  the  per- 
pendicular gi  upon  the  meridian  line  ai,  and  there 
will  be  a  triangle  made,  whose  sides  2Lre  ag,  gi,  and 
ia;  if  a  plate  similar  to  tliis  triangle  be  made  as  thick 
as  the  distance  between  the  lines  ac  and  bd,  and  be 
set  upright  between  them,  touching  at  a  and  b, 
the  line  ag  will,  when  it  is  truly  set,  be  parallel  to 
the  axis  of  the  w^orld,  and  will  cast  a  shadow  on  the 
hour  of  the  day. 

The  trouble  of  dividing  the  two  quadrants  may 
be  saved,  by  using  a  line  of  chords,  which  is  al- 
ways placed  upon  every  scale  belonging  to  a  case  of 
instruments.* 

Problem  xli.     7b  delineate  a  direct  south  dial  for 
any  given  latitude,  by  the  globe. 

Let  us  suppose  a  south  dial  for  the  latitude  of 
London . 

Elevate  the  pole  to  the  co-latitude  of  your  place, 
^8"  30',  and  proceed  in  all  respects  as  above  taught  for 
the  horizontal  dial,  from  VT  in  the  morning  to  VI  in 
the  afternoon,  only  the  hours  must  be  reversed,  as  in 
flate  13>  fig.  3 ;  and  the  hypothenuse  ag,Jig.  4.  of  the 
gnomon  agf,  must  make  an  angle  with  the  dial- 
plane  equal  to  the  co-latitude  of  the  place. 

As  the  sun  can  shine  no  longer  than  from  VI  in 
the  morning  to  VI  in  the  evening,  there  is  no  occa- 
sion for  having  more  than  twelve  hours  upon  this  dial. 

♦  Or  much  more  so  by  an  appropriate  si>t  of  dialling  Imer,  placed 
on  a  I  1-inch  box  scale,  which  is  gold  at  our  shop,  in  Ilolborn. 
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In  solving  this  problem,  we  have  considered  our 
vertical  south  dial  for  the  latitude  of  London,  as  an 
fiorizontal  one  for  the  complement  of  that  latitude,  or 
S8  deg.  30  min.  all  direct  vertical  dials  may  be  thus 
reduced  to  horizontal  ones  in  the  same  manner.  The 
reason  of  this  will  be  evident,  if  the  globe  be  elevat- 
ed to  the  latitude  of  London ;  for,  by  fixing  the 
quadrant  of  altitude  to  the  zenith,  and  bringing  it 
to  intersect  the  horizon  in  the  east  point,  it  will  point 
out  the  plane  of  the  proposed  dial. 

This  plane  is  at  right  angles  to  the  meridian,  and 
perpendicular  to  the  horizon  ;  and,  it  is  clear,  from 
the  bare  inspection  of  the  globe,  thu5  elevated,  that 
its  axis  forms  an  angle  with  this  plane,  which  is 
just  the  complement  of  that  which  it  forms  with  the 
horizon,  and  is  therefore  just  equal  with  the  co-lati- 
tude of  the  place ;  and  that,  therefore,  it  is  most 
simple  to  rectify  the  globe  to  that  co-latitude. 

The  north  vertical  dial  is  the  same  with  the  south, 
only  the  style  must  point  upwards,  and  that  many  pf 
the  hours,  from  its  direction  can  be  of  no  use. 

Problem  xlii.     To  make  an  erect  dial,  declining 
from  the  south  toivatrh  the  east  or  west. 

Elevate  the  pole  to  the  latitude  of  the  place,  and 
screw  the  quadrant  ofaltitude  to  the  zenith. 

Then,  if  your  dial  declines  towards  the  east, 
(which  we  shall  suppose  in  the  present  instance) 
count  in  the  horizon  the  degrees  of  declination  from 
the  east  point  towards  the  north,  ^tid  bring  the  lower 
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end  of  tlie  quadrant  to  coincide  witli  that  degree  of 
declination  at  which  the  reckoning  ends. 

Then  bring  the  first  meridian  under  the  graduated 
edge  of  the  strong  brass  meridian>  which  strong  me- 
tidian  will  serve  as  the  horary  index. 

Now  turn  the  globe  westward,  and  observe  the 
degrees  cut  in  the  quadrant  of  altitude  by  the  first 
meridian,  while  the  hours  XI,  X,  IX,  &c.  in  the 
forenoon,  pass  successively  under  the  brazen  one ; 
and  the  degrees  thus  cut  on  the  quadrant  by  the  first 
meridian  are  the  respective  distances  of  the  forenoon 
hours,  from  XII  on  the  plane  of  the  quadrant. 

For  the  afternoon  hours,  turn  the  quadrant  of 
altitude  round  the  zenith,  until  it  comes  to  the  de- 
gree in  the  horizon,  opposite  to  that  where  it  was 
placed  before,  namely,  as  far  from  the  west  towards 
the  south,  and  turn  the  globe  eastward ;  and  as  the 
hours  I,  II,  III,  &c.  passes  under  the  strong  brazen 
meridian,  the  first  meridian  will  cut  on  the  quadrant 
of  altitude  the  number  of  degrees  from  the  zenith 
that  each  of  the  hours  is  from  XII  on  the  dial- 
When  the  first  meridian  goes  off'  the  quadrant  at 
the  horizon,  in  the  forenoon,  the  hour  index  will 
shew  the  time  when  the  sun  comes  upon  this  dial ; 
and  when  it  goes  oflTthe  quadrant  in  the  afternoon, 
it  points  to  the  time  when  the  sun  leaves  the  dial. 

Having'  thus  found  all  the  hour  distances  from 
XII,  lay  them  down  upon  your  dial-plane,  either  by 
dividing  a  semicircle  into  two  quadrants,  or  by  the 
line  of  chords. 

In  all  declining  dials,  the  hne  on  which  the  gno- 
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mon  stands,  makes  an  angle  with  the  twelve  o'clock 
line,  and  falls  among  the  forenoon  hour-lines,  if  the 
dial  declines  towards  the  east ;  and  among  the  af- 
ternoon hour-lines,  when  the  dial  declines  towards 
the  west ;  that  is,  to  the  left-hand  from  the  twelve 
o'clock  line  in  the  former  case,  and  to  the  right-hand 
from  it  in  the  latter. 

To  Jind  the  distance  of  this  line  from  that  of 
twelve.  This  may  be  considered,  1.  If  the  dial 
declines  from  the  south  towards  the  east,  then  count 
the  degrees  of  that  decHnation  in  the  horizon,  from 
the  east  point  towards  the  north,  and  bring  the 
lower  end  of  the  quadrant  to  that  degree  of  declina- 
tion where  the  reckoning  ends ;  then  turn  the  globe, 
until  the  first  meridian  cuts  the  horizon  in  the  like 
number  of  degrees,  counted  from  the  south  point 
towards  the  east,  and  the  quadrant  and  first  meri- 
dian will  cross  one  another  at  right  angles,  and  the 
number  of  degrees  of  the  quadrant,  which  are  inter- 
cepted between  the  first  meridian  and  the  zenith,  is 
equal  to  the  distance  of  this  line  from  the  twelve 
o'clock  line.  ' 

The  numbers  of  the  first  meridian,  which  are  in- 
tercepted between  the  quadrant  and  the  north  pole, 
is  equal  to  the  elevation  of  the  style  above  the  plane 
of  the  dial. 

The  second  case  is,  when  the  dial  declines  west- 
ward from  the  south. 

Count  the  declination  from  the  east  point  of  the 
horizon  towards  the  south,  and  bring  the  quadrant 
of  altitude  to  the  degree  in  the  horizon  at  which  the 
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reckoning  ends,  both  for  finding  the  forenoon  hours 
and  the  distance  of  the  substyle,  or  gnomon  hne, 
from  the  meridian ;  and  for  the  afternoon  hours, 
bring  the  quadrant  to  the  opposite  degrees  in  the 
horizon,  namely,  as  far  from  the  west  towards  the 
north,  and  then  proceed  in  all  respects  as  before. 

It  is  presumed,  that  the  foregoing  instances  will 
be  sufficient  to  illusti-ate  the  general  principles  of 
dialling,  and  to  give  the  pupil  a  general  idea  of  that 
pleasing  science :  for  accurate  and  expeditious  me- 
thods of  constructing  dials,  we  must  refer  him  to 
treatises  written  expressly  on  that  subject. 

Note. — For  a  simple  and  pasy  method  of  constructing,  instrw-r 
mentally,  sun  dials,  see  my  edition  of  omv  A\\X]\ofs  Geometrical 
and  Graphical  Essaijs^  page  38,  3d  edition,  1803. 

WcWs  Art  of  Shadows,  8vo.  and  Lcadbeftcr^s  Art  of  Dialling^ 
8to.  are  among  the  best  treatises,  for  learners,  on  the  subject. 

Edit. 
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NAVIGATION 

EXPLAINED   BY 

THE  GLOBE. 

Navigation  is  the  art  of  guiding  a  ship  at 
sea^  from  one  place  to  another,  in  the  safest  and  most 
convenient  manner.  In  order  to  attain  this,  four 
things  are  particularly  necessary. 

1  *  To  know  the  situation  and  distances  of  places. 

2.  To  know  at  all  times  the  points  of  the  com- 
pass. 

3.  To  know  the  line  in  which  the  ship  is  to  be  di- 
rected from  one  place  to  the  other. 

4.  To  know,  in  any  part  of  the  voyage,  what 
point  of  the  globe  the  ship  is  upon. 

The  knowledge  of  the  distance  and  situation  of 
places,  between  which  a  voyage  is  to  be  made,  im- 
plies not  only  a  general  knowledge  of  geography, 
but  of  several  other  particulars,  as  the  rocks,  sands, 
straits,  rivers,  &c,  near  which  we  are  to  sail ;  the 
bending  out  or  running  in  of  the  shores,  the  know- 
ledge of  the  times  that  particular  winds  set  in,  the 
seasons  when  storms  and  hurricanes  are  to  be  ex- 
pected, but  especially  the  tides  ;  these,  and  many 
other  similar  circumstances  are  to  be  learned  from 
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sea-charts,  journals,  &c»  but  chiefly  by  observ^atioii 
and  experience. 

The  second  particular  to  be  attained,  is  the  know- 
ledge at  alt  times  of  the  points  of  the  compass  where 
tlie  ship  is.  The  ancients,  to  whom  the  polarity  of 
the  loadstone  was  unknown,  found,  in  the  day-time, 
the  east  or  west,  by  the  rising  or  setting  of  the  sun  ; 
and  at  night,  the  north,  by  the  polar  star.  We  have 
the  advantage  of  the  mariners  compass,  by  which, 
at  any  time  in  the  wide  ocean,  and  the  darkest  night, 
we  Is  now  where  the  north  is,  and  consequently  the 
rest  of  the  points  of  the  compass. 

Indeed,  before  the  invention  of  the  mariners  com- 
pass, the  voyages  of  the  Europeans  were  principally 
confined  to  coasting ;  but  this  fortunate  discovery 
has  enabled  the  mariner  to  explore  new  seas,  and 
discover  new  countries,  which,  without  this  valuable 
acquisition,  would  probably  have  remained  for  ever 
unknown. 

The  third  thing  required  to  be  known,  is  the  line 
which  a  ship  describes  upon  the  globe  of  the  earth, 
in  going  from  one  place  to  another. 

The  shortest  way  from  one  place  to  another  isr 
an  arc  of  a  great  circle  drawn  through  the  two 
places. 

The  most  convenient  way  for  a  ship,  is  that  by 
which  we  may  sail  from  one  place  to  another,  di- 
recting the  ship  all  the  while  towards  the  same  point 
of  the  compass. 

A  ship  is  guided  by  steering  or  directing  her  to- 
wards some  points  of  the  compass :  tlie  line  wherein 
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a  ship  is  directed,  is  called  the  ship's  course, 
which  is  named  from  the  point  towards  which  she 
sails. 

Thu«,  if  a  ship  sails  towards  the  north-«ast  point, 
her  course  is  said  to  be  N-E. 

In  long  voyages,  a  ship's  way  may  consist  of  a 
great  number  of  different  courses,  as  from  A  to  B, 
from  B  to  C,  and  from  Cto  J},  plate  \o,fig.  9;  when 
we  speak  of  a  ship's  course,  we  consider  one  of  these 
at  a  time ;  the  seldomer  the  course  is  changed,  the 
more  easily  the  ship  is  directed. 

If  two  places,  A  and  Z,  plate  1 3, Jig.  7?  ^'^  under 
the  same  meridian,  the  course  from  the  one  to  the 
other  is  due  north  and  south.  Thus,  let  AZ  be 
part  of  a  meridian  ;  if  A  be  south  of  Z,  the  course 
from  A  to  Z  must  be  north,  and  the  course  from 
Z  to  A  south  This  is  evident  from  the  nature  of  a 
meridian,  that  it  marks  upon  the  horizon  the  north 
and  south  points,  and  that  every  point  of  any  meri- 
dian is  north  or  south  from  every  other  point  of  it. 
From  hence  we  may  deduce  the  following  corollary  : 
that  if  a  ship  sails  due  north  or  south,  she  will  con- 
tinue on  the  same  meridian. 

If' two  places  lie  under  the  equator,  the  course  from 
one  to  the  other  is  an  arc  of  the  equator,  and  is  due 
east  or  west.  Thus,  let  az.  Jig-  7?  be  a  part  of  the 
equator ;  if  a  be  west  from  z,  the  course  from  ato  z 
is  east,  and  the  course  from  z  to  a  is  west ;  for,  since 
the  equator  marks  the  east  and  west  points  upon  the 
horizon,  every  point  of  the  equator  lies  east  or  west 
of  every  other  point  of  it,  as  may  be  seen  upon  the 
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globe,  by  placing  it  as  for  a  right  sphere,  and  bring- 
ing a  or  z,  or  any  of  the  intermediate  points,  to  the 
zenitli ;  when  it  will  be  evident,  that  if  we  are  to  2:0 
from  one  of  these  points,  a,  to  the  other,  z,  or  to  any 
point  on  the  equator,  we  must  continue  our  course 
due  east,  to-  arrive  at  a,  or  vice  versa.  From  hence 
we  may  deduce  this  consequence,  that  if  a  ship,  under 
the  equ^itor,  sails  due  east  or  west,  she  will  continue 
under  the  equator. 

In  the  two  foregoing  cases,  the  course  being  an 
arc  of  a  great  circle  (the  meridian  or  equator)  is  the 
shortest  and  most  convenient  way  it  can  sail. 

If  two  places  lie  under  the  same  par  allel,the  course 
from  one  to  the  other  is  due  east  or  west :  this  may 
be  seen  upon  the  globe,  by  the  following  method  : 
bring  any  point  of  a  parallel  to  the  zenith,  and  stretch 
a  thread  over  it,  perpendicular  to  the  meridian ;  the 
thread  will  then  be  a  tangent  to  the  parallel,  arid 
stand  east  and  west  from  the  point  of  contact. 
Hence,  if  a  ship  sails  in  any  parallel,  due  east  or  west, 
she  will  continue  in  the  same  parallel.  In  this  case 
the  most  convenient  course,  though  not  the  shortest, 
from  one  to  the  other,  is  to  sail  due  east  or  west. 

If  two  places  lie  neither  under  the  equator,  nor  on 
the  same  meridian,  nor  ?'z  l^'o  same  parallel,  the  most 
convenient,  though  not  the  shortest  course,  from  one 
to  the  other,  is  a  rhumb. 

For  if  we  would,  in  this  case,  attempt  to  go  the 
shortest  way,  in  ^  great  circle  drawn  through  the  two 
places,  we  must  be  perpetually  changing  our  course. 
Thus,  mjig.  8,  whatever  is  the  bearing  of  R  from  A, 
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the  bearings  of  all  the  intermediate  points,  as  B,  C, 
D,  &c.  will  be  different  from  it,  as  well  as  dif- 
ferent from  each  other,  as  may  be  easily  seen  upon 
the  globe,  by  bringing  the  first  point,  A,  to  the  ze- 
nith, and  observing  the  bearing  of  K  from  each  of 
them.  Thus,  suppose,  when  the  globe  is  rectified 
to  the  horizon  of  A,  the  bearing  of  K  from  A  be 
north-east,  and  the  angle  of  position  of  K,  with  re- 
gard to  A,  be  45  degrees ;  if  we  bring  B  to  the  ze- 
nith, we  shall  have  a  diflferent  horizon,  and  the 
bearing  and  angle  of  position  from  K  to  B  will  be 
difl[erent  from  the  former ;  and  so  on  of  the  other 
points  B,  C,  D,  &c.  they  will  each  of  them  have  a 
diflferent  horizon,  and  K  will  have  a  different  bear- 
ing and  angle  of  position. 

.  From  hence  we  may  draw  this  corollary,  that  when 
two  places  lie  one  from  the  other,  towards  a  point  not 
cardinal,  if  we  sail  from  one  place  towards  the  point 
of  the  otlier's  bearing,  we  shall  never  arrive  at  the 
other  place.  Thus,  if  K  lies  north-east  from  A,  if 
we  sail  from  A  towards  the  north-east,  we  shall  never 
arrive  at  K. 

A  rhumb  upon  the  globe  is  a  line  drawn  from  a 
given  place  A,  so  as  to  cut  all  the  meridians  it  passes 
through  at  equal  angles  ;  the  rhumbs  are  denomi- 
nated from  the  points  of  the  compass,  in  a  different 
jnanner  ft'om  the  winds.  Thus,  at  sea,  the  north-eaxt 
w  ind  is  that  which  blows  from  the  north-east  point 
of  the  horizon  towards  the  ship  in  which  we  are  ;,but 
we  are  said  to  sail  upon  the  N.E.  rhumb,  when  we 
go  towards  the  north-east. 

t4 
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The  rhumb  ABCDK,  plate  \3,Jig.  8,  passing 
through  the  meridians  LM,  NO,  PQ,  makes  the 
angle  LAB,  NBC,  PCD,  equal;  from  wlience  it 
follows,  that  the  direction  of  a  rhumb  is  in  every  part 
of  it  towards  the  same  point  of  the  compass :  thus, 
from  every  point  of  a  north-east  rhumb  upon  the 
globe,  the  direction  is  towards  the  north-east,  and 
that  rhumb  makes  an  angle  of  45  degrees,  with  every 
meridian  it  is  drawn  through. 

Another  property  of  the  rhumbs  is,  that  equal 
parts  of  the  same  rhumb  are  contained  between  pa- 
rallels of  equal  distance  of  latitude  ;  so  that  a  ship 
continuing  in  the  same  rhumb,  will  run  the  same 
^umber  of  miles  in  sailing  from  the  parallel  of  10  to 
the  parallel  of  30,  as  she  does  in  sailing  from  the 
parallel  of  30  to  that  of  50. 

The  fourth  thing  mentioned  to  be  required  in 
navigation  was,  to  know,  at  any  time,  what  point  of 
the  globe  the  ship  is  upon.  This  depends  upon  four 
things  :  1.  The  longitude ;  2.  The  latitude  ;  3.  The 
course  the  ship  has  run ;  4.  The  distance,  that  is, 
the  way  she  has  made,  or  the  number  of  leagues  or 
miles  she  has  run  in  that  course,  from  the  place  of 
the  last  observation.  Now,  any  two  of  these  being 
known,  the  rest  may  be  easily  found. 
^  Having  thus  given  some  general  idea  of  navigation, 
we  now  proceed  to  the  problems,  by  which  the  cases 
of  sailing  are  solved  on  the  globe. 
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Problem  xliii.  Given  the  difference  of  latitude 
and  difference  of  longitude^  to  find  the  course  and 
distance  sailed,* 

Example.  Admit  a  ship  sails  from  a  port  A,  ia 
latitude  38  deg.  to  another  port  B,  in  latitude  5  deg, 
and  finds  her  difference  of  longitude  43  deg. 

Let  the  port  A  be  brought  to  the  meridian,  and 
elevate  the  globe  to  the  given  latitude  of  that  port 
38  deg.  and  fixing  the  quadrant  of  altitude  precisely 
over  it  on.  the  meridian,  move  the  quadrant  to  lie 
over  the  second  port  B,  (found  by  the  given  dif- 
ference of  latitude  and  longitude)  then  w^ill  it  cut 
in  the  horizon  50  deg.  45  min.  for  the  angle  of  the 
{ship's  course  to  be  steered  from  the  port  A.  Also, 
count  the  degrees  in  the  quadrant  between  the  two 
ports,  which  you  will  find  51  deg.  this  number  mul- 
tiplied by  6o,  the  nautical  miles  in  a  degree,  will 
give  3o6o  for  the  distance  run. 


Problem  xliv.  Given  the  difference  of  latitude 
and  course,  to  find  the  difference  of  longitude,  and 
distance  sailed. 

Example,  Admit  a  ship  sails  from  a  port  A,  in  25 
deg.  north  latitude,  to  another  port  B,  in  30  deg.  south 
latitude,  upon  a  course  of  43  deg. 

Bring  the  port  A  to  the  meridian,  and  rectify  the 

^  See  Martin^  on  t\\Q  Globes, 
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globe  to  the  latitude  thereof,  25  deg.  where  fix  the 
quadrant  of  altitude,  and  place  it  so  as  to  make  an 
angle  with  the  meridian  of  43  deg.  in  the  horizon, 
and  observe  where  the  edge  of  the  quadrant  inter- 
sects the  parallel  of  30  deg.  south  latitude,  for  that 
is  the  place  of  the  port  B.  Then  count  the  number 
of  degrees  on  th^  edge  of  the  quadrant  intersected 
between  the  two  ports,  and  there  will  be  found  7«5 
deg,  which,  multiplied  by  6o,  gives  4380  miles  for 
the  distance  sailed'.  As  the  two  ports  are  now  known, 
let  each  be  brought  to  the  meridian,  and  observe  the 
difference  of  longitude  in  the  equator  respectively, 
which  will  be  found  50  deg. 

N.  B.  Had  this  problem  been  solved  by  loxodro- 
piics,  or  sailing  on  a  rhumb,  the  difference  of  Ion- 
cfitude  would  then  have  been  52  deo^.  30  min.  be- 
tween  the  two  |)orts. 

Problem  xlv.  Given  the  difference  of  latitude 
and  distance  run,  to  find  the  difference  of  longitude 
and  angle  of  the  course ^ 

Example.  Admit  a  ship  sails  from  a  port  A,  m 
latitude  50  deg.  to  another  port  B,  in  latitude  \i 
deg.  30  min.  and  her  distance  run  be  2220  miles. 
Bectify  the  globe  to  the  latitude  of  the  place  A,  then 
tlie  distance  run,  reduced  to  degrees,  will  make  3 7 
deg.  which  are  to  be  reckoned  from  the  end  of  tl>e 
quadrant  lying  over  the  port  A?  wn4cr  the  meridian  ; 
then  is  the  quadrant  to  be  moved,  till  the  37  degrees 
coincide  with  the  parallel  of  17  deg.  30  miu.  north 
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latitude ;  then  will  the  angle  of  the  course  appear  in 
the  arch  of  the  horizon^  intercepted  between  the 
quadrant  and  the  meridian^  which  will  be  32  deg^ 
40  min.;  and  by  making  a  mark  on  the  f^lobe  for  the 
port  B,  and  bringing  the  same  to  the  meridian,  you 
will  observe  what  number  of  degrees  pass  under  the 
meridian,  which  will  be  twenty,  the  difference  of 
longitude  required. 


Problem  xlvi.  Given  the  difference  of  longitude 
and  course,  to  find  the  difference  of  latitude  and 
distance  sailed. 

Example.  Suppose  a  ship  sails  from  A,  in  the  lati- 
tude 5 1  deg.  on  a  course  making  an  angle  with  the 
meridian  of  40  deo^.  till  the  dift'erence  of  longritude  be 
found  just  20  degrees  ;  then  rectifying  the  globe  to 
the  latitude  of  the  port  A^  place  the  quadrant  of 
altitude  so  as  to  make  an  angle  of  40  deg.  with  the 
meridian ;  then  observe  at  what  point  it  intersects 
the  meridian  passing  through  the  given  longitude 
of  the  port  B,  and  there  make  a  mark  to  represent 
the  said  port;  then  the  number  of  degrees  inter- 
cepted between  that  and  the  port  A,  will  be  28,  which 
will  give  16*80  miles  for  the  distance  run:  and  the 
said  mark  for  the  port  B,  being  brought  to  the  me- 
ridian, will  have  its  latitude  there  shewn  to  bp  2J 
deg.  40  min. 
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Problem  xlvii.  Given  the  course  and  distance 
sailed;  to  find  the  difference  of  longitude^  and  diffe- 
rence of  latitude. 

Example,  Suppose  a  ship  sails  1 800  miles  from  a 
port  A,  5 1  deg.  1 5  min,  south-west,  on  an  angle  of 
45  deg.  to  another  port  B. 

Having  rectified  the  globe  to  the  port  A,  fix  the 
quadrant  of  altitude  over  it  in  the  zenith,  and  place 
it  to  the  south  west  point  in  the  horizon  ;  then  upon 
the  edge  of  the  quadrant  under  30  deg.  (equal  to 
1800  miles  from  the  port  A)  is  the  port  B  ;  which 
bring  to  the  meridian,  and  you  will  there  see  the  lati- 
tude ;  and,  at  the  same  time,  its  longitude  on  the 
equator,  in  the  point  cut  by  the  meridian. 

in  all  these  cases,  the  ship  is  supposed  to  be  kept 
upon  the  arch  of  a  great  circle,  which  is  not  difficult 
to  be  done,  very  nearly,  by  means  of  the  globe,  by 
frequently  observing  the  latitude,  measuring  the  dis- 
tance sailed,  and  (when  you  can)  finding  the  diffe- 
rence of  longitude ;  for  one  of  these  being  given,  the 
place  and  course  of  the  ship  is  known  at  the  same 
time ;  and  therefore  the  preceding  course  may  be  al- 
tered, and  rectified  without  any  trouble,  through  the 
whole  voyage,  as  often  as  such  observations  can  be 
obtained,  or  it  is  found  necessary.  Now  if  any  of 
these  data  are  but  of  the  quantity  of  four  or  five  de- 
grees, it  will  suffice  for  correcting  the  ship's  course 
by  the  globe,  and  carrying  her  directly  to  the  intend- 
ed port,  according  to  the  following  problem. 
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Problem  xlviii.  To  steer  a  ship  upon  the  arch 
of  a  great  circle  hy  the  given  difference  of  latitude ^ 
or  difference  of  longitude,  or  distance  sailed  in  a 
given  tim€' 

Admit  a  ship  sails  from  a  port  A,  to  a  very  dis- 
tant port  X,  whose  latitude  and  longitude  are  given, 
as  well  as  its  geographical  bearing  from  A ;  then. 

First,  having  rectified  the  globe  to  the  port  A,  lay 
the  quadrant  of  altitude  over  the  port  Z,  and  draw 
thereby  the  arch  of  the  great  circle  through  A  and  Z ; 
this  will  design  the  intended  path  or  track  of  the  ship* 

Secondly,  having  kept  the  ship  upon  the  first  given 
course  for  some  time,  suppose  by  an  observation  you 
find  the  latitude  of  the  present  place  of  the  ship,  this 
added  to,  or  subducted  from  the  latitude  of  the  port 
A,  will  give  the  present  latitude  in  the  meridian  ;  to 
which  bring  the  path  of  the  ship,  and  tlje  part  therein, 
which  lies  under  the  new  latitude,  is  the  true  place 
B  of  the  ship  in  the  great  arch.  To  the  latitude  of 
B  rectify  the  globe,  and  lay  the  quadrant  over  Z,  and 
it  will  shew  in  the  horizon  the  new  course  to  be 
steered. 

Thirdly,  suppose  the  ship  to  be  steered  upon  this 
course,  till  her  distance  run  be  found  300  miles,  or 
5  degrees  ;  then,  the  globe  being  rectified  to  the  place 
B  in  the' zenith,  laying  the  quadrant  from  thence 
over  the  great  arch,  make  a  mark  at  the  5th  degree 
from  B,  and  that  will  be  the  present  place  of  the  ship, 
which  call  C  ;  which  bein^  brought  to  the  meridian. 
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its  latitude  and  longitude  will  be  knovvri.  Then  rec- 
tify the  globe  to  the  place  C,  and  laying  the  quadrant 
from  thence  to  Z,  the  new  course  to  be  steered  will 
appear  in  the  horizon. 

Fourthly,  having  steered  some  time  upon  this  new 
course,  suppose,  by  some  means  or  other,  you  come 
to  know  the  difference  of  longitude  of  the  present 
place  of  the  ship,  and  of  any  of  the  preceding  places, 
C,  B,  A ;  as  B,  for  instance  ;  then  bring  B  to  the  me- 
ridian, and  turn  the  globe  about,  till  so  many  de- 
grees of  the  equator  pass  under  the  meridian  as  are 
equal  to  tlie  discovered  difference  of  longitude  ;  then 
the  point  of  the  great  arch  cut  by  the  meridian  is  the 
present  place  D  of  the  ship,  to  which  the  new  course 
is  to  be  found  as  before. 

And  thus,  by  repeating  these  observations  at  pro- 
per intervals,  you  will  find  future  places,  E,F,G,  &c. 
in  the  great  arch ;  and  by  rectifying  the  course  at 
each,  your  ship  will  be  conducted  on  the  great  circle, 
or  the  nearest  way  from  the  port  A  to  Z,  by  the  use 
of  the  globe  only. 
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OF 

THE  USE 

OF  THE 

TERRESTRIAL    GLOBE, 

WHEN    M0X5NTED    IN    THE    COMMON    MANNER. 


Although  l  have,  in  tlie  first  part  of  this  Es- 
say^ laid  before  my  readers  the  reasons  which  induce 
me  to  prefer  my  father  s  manner  of  mounting  the 
globes  to  the  old  or  Ptolemaic  form,  yet  as  many  may 
be  in  possession  of  globes  mounted  in  the  old  form, 
and  others  may  have  been  taught  by  these  globes,  I 
thought  it  would  render  these  Essays  more  com- 
plete, to  give  an  account  of  so  many  of  the  leading 
problems,  solved  on  the  common  globes,  as  would 
enable  them  to  apply  the  remainder  of  those  hereto- 
fore solved,  to  their  own  use.  This  is  the  more  ex- 
pedient, as,  since  the  publication  of  my  father  s  Trea- 
tise, there  have  been  a  few  attempts  to  do  away  some 
of  the  inconveniences  of  the  ancient  form,  particu- 
larly that  of  the  old  hour-circle,  which  is  now  gene- 
rally placed  under  the  meridian. 

I  cannot,  however,  refrain  from  again  observing 
to  the  pupil,  that  the  solution  of  the  problems  on  the 
old  globes  depends  upon  appearances  ;  that  there- 
fore, if  he  means  to  content  himself  with  the  mere 
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mechanical  solution  of  them,  the  Ptolemaic  globes 
will  answer  his  purpose;  but  if  he  wishes  to  have  clear 
ideas  of  the  rationale  of  those  problems,  he  must  use 
those  mounted  in  my  father's  manner. 

The  celestfal  globe  is  used  in  the  same  way  in  both 
mountings,  excepting  that  in  my  father's  mounting 
it  has  some  additional  circles ;  but  the  difference  is 
so  trifling,  that  it  is  presumed  the  pupil  can  find  no 
difficulty  in  applying  the  directions  there  given  to 
the  old  form.* 

Problem  i.     To  find  the  latitude  and  longitude  of 
any  given  place^  on  the  globe. 

Bring  the  place  to  the  east  side  of  the  brass  meri- 
dian, then  the  degree  marked  on  the  meridian  over  it 
shews  its  latitude,  and  the  degree  of  the  equator 
under  the  meridian  shews  its  longitude. 

Hence,  if  the  longitude  and  latitude  of  any  place 
be  given  the  place  is  easily  found,  by  bringing' 
the  given  longitude  to  the  meridian ;  for  then  the 
place  will  lie  under  the  given  degree  of  latitude  upon 
the  meridian. 

Problem  ii.     To  find  the  difference  of  longitude 
between  any  two  given  places. 

Bring  each  of  the  given  places  successively  to  the 
trazen  meridian,  and  see  where  the  meridian  cuts  the 

*  A  trifling  difference,  will  certainly  sanction,  by  tuition,  the 
simplest  construction. — Edit. 
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equator  each  time ;  the  number  of  degrees  contained 
between  those  two  points,  if  it  be  less  than  180  de- 
grees, otherwise  the  remainder  to  SGo  deg.  will  be 
the  difference  of  longitude  required. 

Problem  in.     To  rectify  the  globe  for  the  latitude, 
zenith)  and  suris  place. 

Find  the  latitude  of  the  place  by  prob.  1,  and  if 
the  place  be  in  the  northern  hemisphere,  elevate 
the  north  pole  above  the  horizon,  according  to  the 
latitude  of  the  place.  If  the  place  be  in  the  southern 
hemisphere,  elevate  the  south  pole  above  the  south 
point  of  the  horizon,  as  many  degrees  as  are  equal  to 
the  latitude. 

Having  elevated  the  globe  according  to  its  lati- 
tude, count  the  degrees  thereof  upon  the  meridian 
from  the  equator  towards  the  elevated  pole,  and  that 
point  will  be  the  zenith,  or  the  vertex  of  the  place ; 
to  this  point  of  the  meridian,  fasten  the  quadrant  of 
altitude,  so  that  the  graduated  edge  thereof  may  be 
joined  to  the  said  point. 

Having  brought  the  sun's  place  in  the  ecliptic 
to  the  meridian,  set  the  hour  index  to  XH  at  noon^, 
and  the  globe  will  be  rectified  to  the  sun's  place. 

Problem  iv.  The  hour  of  the  day  at  any  place 
being  given,  to  find  all  those  on  the  globe,  where  it  i^ 
noon,  midnight,  or  any  given  hour  at  tliat  time. 

On  the  globes^  when  mounted  in  the  common 
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manner,  it  is  now  customary  to  place  the  hour- 
circle  under  the  north  pole ;  it  is  divided  into  twice 
twelve  hours,  and  has  two  rows  of  figures,  one  run- 
ning from  east  to  west,  the  other  from  west  to  east ; 
this  circle  is  moveable,  and  the  meridian  answers  the 
purpose  of  an  index. 

Bring  the  given  place  to  the  brazen  meridian,  and 
the  given  hour  of  the  day  on  the  hour  circle ;  turn 
the  globe,  till  the  meridian  points  at  the  hour  de- 
sired ;  then,  with  all  those  under  the  meridian,  it  is 
noon,  midnight,  or  any  given  hour  at  that  time.* 


Problem  v.  7^he  Jiour  of  the  daij  at  any  place 
being  given,  tojind  the  correspondent  hour  (or  what 
o'clock  it  is  at  tluit  time)  in  any  other  place. 

*  Another  preferable  method,  which  I  generally  adopt  in  the 
Nex£  Brilish  Globes,  h  to  place  tUc  north  horary  circles  and  indexes 
pxtcrnally  on  the  meridians,  and  to  make  the  north  polar  pia 
with  index  to  unscrew,  so  that  the  circle  may  be  slid  to  any 
part  of  the  meridian,  to  admit  the  entire  free  passage  of  the  brass 
meridian  through  the  horizon,  and  the  circle  to  be  brought  over 
any  place  for  problems  relative  to  bearings.  Sec.  upon  the  terres- 
trial globe.  This  method  will  answer  all  the  desired  purposes  ; 
and  it  may  be  added,  that  a  learner  need  not  be  under  a  difficulty 
with  any  constructions  of  the  hour  circles  of  any  maker's  globes 
he  may  not  have  learnt  by,  when  he  has  only  to  consider,  that 
the  place,  star,  planet,  &c  is  .dimply  to  be  brought  to  the  meri- 
dian, and  the  hour-index  set  to  the  given  time.  Fot  hour-circles 
placod  under  the  meridians,  the  graduated  face  of  tlie  meridian 
serves  as  the  index.  This  method  has  been  approved,  and  used 
by  the  most  eminent  preceptors. — Edit. 
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Bring  the  given  place  to  the  brazen  meridian,  and 
set  the  hour  circle  to  the  given  time ;  then  turn  the 
globe  about,  until  the  place  where  the  hour  is  re- 
quired comes  to  the  meridian,  and  the  meridian  will 
point  out  the  hour  of  the  day  at  that  place. 
Thus,  when  it  is  noon  at  London,  it  is 

H*     M. 

At  Rome  -         -        -        . 

Constantinople     ^         -        - 

Vera  Cruz  .        -        - 

Pekin,  in  China    -        *        - 


Problem  vi.  The  day  of  the  month  being  given, 
to  find  all  those  places  on  the  globe  where  the  smi 
will  be  vertical,  or  in  the  zenith,  that  day* 

Having  found  the  sun's  place  in  the  ecliptic  for 
the  given  day,  bring  the  same  to  the  brazen  meri- 
dian, observe  what  degree  of  the  meridian  is  over  it, 
then  turn  the  globe  round  its  axis,  and  all  places 
that  pass  under  that  degree  of  the  meridian,  will 
have  the  sun  vertical,  or  in  the  zenith,  that  day. 

Problem  vii.  j4  place  being  given  in  the  torrid 
zone,  tojind  those  two  days  of  the  year  on  which  the 
sun  will  be  vertical  to^that  place^ 

Bring  the  given  place  to  the  brazen  meridian,  and 
mark  the  degree  of  latitude  that  is  exactly  over  it 
on  the  meridian;    then  turn  the  globe    about   its 
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axis,  and  observe  the  two  points  of  the  ecliptic 
which  pass  exactly  under  that  degree  of  latitude, 
and  look  on  the  horizon  for  the  two  days  of  the 
year  in  which  the  sun  is  in  those  points  or  degrees  of 
the  ecliptic,  and  they  are  the  days  required  ;  for  on 
them,  and  none  else,  the  sun's  declination  is  equal  to- 
the  latitude  of  the  given  place. 

Problem  viii.     To  find  the  antosciy  perioccl,  and  a7u 
tlpodes  oj  any  given  place ^ 

Bring  the  gii^en  place  to  the  brazen  meridian,  and 
having  found  its  latitude,  keep  the  globe  in  that 
position,  and  count  the  same  number  of  degrees 
of  latitude  on  the  meridian,  from  the  equator  to- 
wards the  contrary  pole,  and  where  the  reckoning 
ends,  that  will  give  the  place  of  the  antoeci  upon 
the  globe.  Those  who  live  at  the  equator  have  no 
antoeci. 

The  globe  remaining  in  the  same  position,  bring 
the  upper  XII,  on  the  horary  circle,  to  the  meri- 
dian, then  turn  the  globe  about  till  the  meridian 
points  to  the  lower  XII ;  the  place  which  then 
lies  under  the  meridian,  having  the  same  latitude 
with  the  given  place,  is  the  periceci  required. 
Those  who  live  at  the  poles,  if  any,  have  no  pe- 
riceci. 

As  the  globe  now  stands  (with  the  index  at  the 
lower  XII),.  the  antipodes  of  the  given  place  are 
under  the  same  point  of  the  brazen  meridian  where 
\\fi  antceci  stood  before. 
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Problem  ix.  To  find  at  what  hour  the  sun  rises 
and  sets  any  day  in  the  year^  at  any  place,  and  also 
upon  what  point  of  tlie  jcompass. 

Rectify  the  globe  for  the  latitude  of  the  given 
place ;  bring  the  sun's  place  to  the  meridian,  and 
bring  the  XII  to  the  meridian ;  then  turn  the  sun  s 
place  to  the  eastern  edge  of  the  horizon,  and  the  me- 
ridian will  point  out  the  hour  of  rising ;  if  you  bring 
it  to  the  western  edge  of  the  horizon,  it  will  shew  the 
setting. 

Thus,  on  the  26th  day  of  March,  the  sun  rose  a 
little  past  six,  and  set  a  httle  before  six. 

Note.  In  the  summer  the  sun  rises  and  sets  a  little 
to  the  northward  of  the  east  and  west  points,  but 
in  winter  a  little  to  the  southward  of  them.  If,  there- 
fore, when  the  sun's  place  is  brought  to  the  eastern 
and  western  edges  of  the  horizon,  you  look  on  the 
inner  circle,  right  against  the  sun's  place,  you  will 
see  the  point  of  the  compass  upon  which  the  sun  rises 
and  sets  that  day, 

pHOBLEM  X.  To  find  the  length  of  the  day  and  night 
at  any  time  of  the  year. 

Only  double  the  time  of  the  sun's  rising  that  day, 
and  it  gives  the  length  of  the  night ;  double  the 
time  of  his  setting  and  it  gives  the  length  of  the 
day, 
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This  problem  shews  how  long  the  sun  is  with  us 
on  any  day,  and  how  long  he  is  absent  from  us  on 
any  night. 

Thus  on  the  26th  of  May,  the  sun  rises  about  four, 
and  sets  about  eight ;  therefore  the  day  is  sixteen 
hours  long,  and  the  night  eight. 

Problem  xi.     Tojind  the  length  of  the  longest  or 
shortest  day,  at  any  place  upon  the  earth. 

Rectify  the  globe  for  that  place,  bring  the  begin^ 
ning  of  Cancer  to  the  meridian,  bring  XII  to  the 
meridian,  then  bring  the  same  degree  of  Cancer  to 
the  east  part  of  the  horizon,  and  the  meridian  will 
shew  the  time  of  the  sun's  rising. 

If  the  same  degree  be  brought  to  the  western  side, 
the  meridian  will  shew  the  setting,  which,  doubled, 
(as  in  the  last  problem)  will  give  the  length  of  the 
longest  day  and  shortest  night. 

If  we  bring  the  beginning  of  Capricorn  to  the 
meridian,  and  propeed  in  all  respects  as  before,  we 
shall  have  the  length  of  the  longest  night  and  shortest 
day. 

Thus,  in  the  Great  Mogul's  dominions,  the  longest 
day  is  fourteen  hours,  and  the  shortest  night  ten 
hours.  The  shortest  day  is  ten  hours,  and  the  longest 
night  fourteen  hours. 

At  Petersburgh  the  longest  day  is  about  19!  hours, 
and  the  shortest  night  41  hours ;  the  shortest  day  4} 
^ours,  and  longest  night  l^\  hours. 
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Noie.  In  all  places  near  the  equator,  the  sun  rises 
and  sets  at  six  the  year  round.  From  thence  to  the 
polar  circles,  the  days  increase  as  the  latitude  in- 
creases; so  that  at  those  circles  themselves,  the  longest 
day  is  twenty-four  hours,  and  the  longest  night  just 
the  same.  From  the  polar  circles  to  the  poles,  the 
days  continue  to  lengthen  into  weeks  and  months ; 
so  that  at  the  very  pole,  the  sun  shines  for  six 
months  together  in  summer,  and  is  absent  from  it 
six  months  in  winter. 

Note.  That  when  it  is  summer  with  the  northern 
inhabitants,  it  is  winter  with  the  southern,  and  the 
contrary ;  and  every  part  of  the  world  partakes  of  an 
equal  share  of  light  and  darkness.. 


Problem  xii.  To  Jind  all  those  inhahitanis  to 
whom  the  sun  is  this  moment  rising  or  setting,  in 
their  meridian  or  midnight. 

Find  the  sun's  place  in  the  ecliptic,  and  raise  the 
pole  as  much  above  the  horizon  as  the  sun  (that  day) 
declines  from  the  equator  ;  then  bring  the  place 
where  the  sun  is  vertical  at  that  hour,  to  the  brass 
meridian  ;  so  will  it  then  be  in  the  zenith  or  centre 
of  the  horizon.  Now  see  what  countries  lie  on  the 
western  edge  of  the  horizon,  for  in  them  the  sun 
is  rising  ;  to  those  on  the  eastern  side  he  is  setting; 
to  those  under  the  upper  part  of  the  meridian  it  is 
nooi>  day  ;  and  to  those  under  the  lower  part  of  it, 
it  is  midnight, 
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Thus,  on  the  25th  of  April,  at  six  o'clock  in  the 
evening,  at  Worcester, 

-  The  sun  is  rising  at  New  Zealand  :  and  to  those 
who  are  sailing  in  the  middle  of  the  Great  South 
Sea, 

The  Sun  is  setting  at  Sweden,  Hungary,  Italy, 
Tunis,  in  the  middle  of  Negroland  and  Guinea. 

In  the  meridian  (or  noon)  at  the  middle  of 
Mexico,  Bay  of  Honduras,  middle  of  Florida,  Ca- 
nada, &c. 

Midnight  at  the  middle  of  Tartary,  Bengal,  India, 
and  the  seas  near  the  Sunda  isles. 


Problem  xiii.     Tojind  the  beginning  and  end  of 
twilight. 

The  twilight  is  that  faint  light  which  opens  the 
morning  by  little  and  little,  in  the  east,  before  the 
sun  rises ;  and  gradually  shuts  in  the  evening  in.  the 
west,  after  the  sun  is  set.  It  arises  from  the  sun*s 
illuminating  the  upper  part  of  the  atmosphere,  and 
begins  always  when  he  approaches  within  eighteen 
degrees  of  the  eastern  part  of  the  horizon,  and  ends 
when  he  descends  eighteen  degrees  below  the  west- 
ern ;  when  dark  night  commences,  and  continues 
till  day  breaks  again. 

To  find  the  beginning  of  twilight,  rectify  the 
globe ;  turn  the  degree  of  the  ecliptic,  which  is 
opposite  to  the  sun's  place^  till  it  is  elevated  eighteer^ 
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degrees  to  tlie  quadrant  of  altitude  above  the  ho^ 
rizon  on  the  west,  so  will  the  index  point  the  houF 
twilight  begins.* 

This  short  specimen  of  problems  by  the  globes, 
as  commonly  mounted,  it  is  presumed,  will  be  suf-* 
ficient  to  enable  the  pupil  to  solve  any  other. 

*  The  qnadrant  of  altitude  is  now  generally  divided  to  18'  bc^ 
low  o,  so  that  observing  the  sun's  place  18°  below  the  honzp% 
will  mojre  readily  give  the  duration  of  twi,light.     EpiT. 
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TART    IV. 

OF 

THE  USE 

OF    THE 

CELESTIAL  GLOBE, 

AS  MOUNTED  IN  THL  COMMON  MANNER. 

i  HE  celestial  globe  is  an  artificial  representation  of 
the  heavens,  having  the  fixed  stars  drawn  upon  it, 
in  their  natural  order  and  situation  ;  whilst  its  rota- 
tion on  its  axis  represents  the  apparent  diurnal  mo- 
tion of  the  sun,  moon,  and  stars. 

It  is  not  known  how  early  the  ancients  had  any 
thing  of  this  kind:  we  are  not  certain  what  the 
sphere  of  /J  t las  or  Musoeus  was ;  perhaps  Palamcdes, 
who  lived  about  the  time  of  the  Trojan  war,  had 
something  of  this  kind  ;  for  of  him  it  is  said, 

To  mark  the  signs  that  cloudless  skies  bestow, 
To  tell  the  seasons,  when  to  sail  and  plpw, 
He  first  devised  ;  each  planet's  order  found. 
Its  distance,  period,  in  the  blue  profound. 

From  Pliny  it  would  seem  that  Hlpparc  hus  had 
a  celestial  globe  with  the  stars  delineated  upon  it. 

It  is  not  to  be  supposed,  that  the  celestial  globe 
is  so  just  a  representation  of  th^  heavens  as  the  ter- 
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reetriul  globe  is  of  the  earth ;  because  here  the  stars 
are  (h'avvn  upon  a  convex  surface,  whereas  they  na- 
turally appear  in  a  concave  one.  But  suppose  the 
globe  was  made  of  glass,  then,  to  an  eye  placed  in 
the  centre,  the  stars  which  are  drawn  upon  it  would 
appear  in  a  concave  surface,  just  as  they  do  in  the 
heavens. 

Or  if  the  reader  was  to  suppose  that  holes  were 
made  in  each  star,  and  an  eye  placed  in  the  centre 
pf  the  globe,  it  would  view,  through  those  holes,  the 
same  stars  in  the  heavens  that  they  represent. 

As  the  terrestrial  globe,  by  turning  on  its  axis, 
represents  the  real  diurnal  motion  of  the  earth,  so 
the  celestial  globe,  by  turning  on  its  axis,  represents 
the  apparent  diurnal  motion  of  the  heavens. 

For  the  sake  of  perspicuity,  and  to  avoid  continual 
references,  it  will  be  necessary  to  repeat  here  some 
articles  which  have  been  already  mentioned. 

The  ecliptic  is  that  graduated  circle  which  crosses 
the  equator  in  an  angle  of  about  23  i  deg.  and  the 
angle  is  called  the  obliquity  of  the  ecliptic. 

This  circle  is  divided  into  twelve  equal  parts,  con- 
sisting of  30  degrees  each  ;  the  beginning  of  them 
are  marked  with  characters,  representing  the  twelve 
^igns. 

Aries  7",  Taurus  y  ,  Gemini  n ,  Cancer  95,  Leo  S^, 
Virgo  TflK,  Libra  ib,  Scorpio  TT^,  Sagittarius  J. ,  Ca- 
pricornus  VJ;,  Aquarius  xr:r,  Pisces  ^ . 

Upon  my  father  s  globes,  just  under  the  ecliptic, 
^he  month,  and  days  of  each  month,  are  graduated. 
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for  the  readier  fixing  the  artificial  sun  upon  its  place 
in  the  ecliptic. 

The  two  points  where  the  ecliptic  crosses  the 
equinoctial  (the  circle  that  answers  to  the  equator 
on  the  terrestrial  globe)  are  called  the  equinoctial 
points  ;  they  are  at  the  beginning  of  Aries  and  Li- 
bra, and  are  so  called,  because  when  the  sun  is  in 
either  of  them,  the  day  and  night  is  every  where 
equal. 

The  first  points  of  Cancer  and  Capricorn  are  called 
solstitial  points ;  because,  when  the  sun  arrives  at 
either  of  them,  he  seems  to  stand,  in  a  manner  still 
for  several  days,  in  respect  to  his  distance  from  the 
equinoctial ;  when  he  is  in  one  solstitial  point,  he 
makes  to  us,  the  longest  day ;  when  in  the  other,  the 
longest  night. 

The  latitude  and  longitude  of  stars  are  determined 
from  tl\e  ecliptic. 

I'he  longitude  of  the  stars  and  planets  is  reckoned 
upon  the  ecliptic  ;  the  numbers  beginning  at  the 
first  points  of  Aries,  where  the  ecliptic  crosses  the 
equator,  and  increases  according  to  th^  order  of  the 
signs. 

Thus,  suppose  the  sun  to  be  in  the  tenth  degree  of 
Leo,  we  say,  his  longitude,  or  place,  is  four  signs, 
ten  degrees  ;  because  he  has  already  passed  the  four 
signs,  Aries,  Taurus,  Gemini,  Cancer,  and  is  ten  de-, 
grees  in  the  fifth. 

The  latitude  of  the  stars  and  planets  is  determined 
\>y  their  distance  from  th^  ecliptic  upon  a  secondary 
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or  gre-cit  circle  passing  through  its  poles,  and  cross- 
ing it  at  right  angles 

Twenty-four  of  these  circular  Hues,  which  cross 
the  ecliptic  at  right  angles,  being  fifteen  degrees 
from  each  other,  are  drawn  upon  the  surface  of  our 
celestial  globe ;  which  being  produced  both  ways^ 
those  on  one  side  meet  in  a  point  on  the  northern 
polar  circle,  and  those  on  the  other  meet  in  a  point 
on  the  southern  polar  circle. 

The  points  determined  by  the  meeting  of  these 
circles  are  called  the  poles  of  the  ecliptic,  one  north, 
the  other  south. 

From  these  definitions  it  follows,  that  longitude 
and  latitude,  on  the  celestial  globe,  bear  just  the 
same  relation  to  the  ecliptic,  as  they  do  on  the  ter- 
restrial globe  to  the  equator. 

Thus,  as  the  longitude  of  places  on  the  earth  is? 
-measured  by  degrees  upon  the  equator,  counting 
from  the  first  meridian ;  so  the  longitude  of  the 
heavenly  bodies  is  measured  by  degrees  upon  the 
ecliptic,  counting  from  the  first  point  of  Aries. 

And  as  latitude  on  the  earth  is  measured  by  de- 
grees upon  the  meridian,  counting  from  the  equator  ; 
so  the  latitude  of  the  heavenly  bodies  is  measured  by 
degrees  upon  a  circle  of  longitude,  counting  either 
north  or  south  from  the  ecliptic. 

The  sun,  therefore,  has  no  latitude,  being  always 
in  the  ecliptic  ;  nor  do  we  usually  speak  of  his  longi- 
tude, but  rather  of  his  place  in  the  ecliptic,  ex- 
pressing it  by  such  a  deg.  and  min.  of  such  a  sign,  a3 
5  deg.  of  Taurus,  instead  of  35  deg.  of  longitude. 
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The  distance  of  any  heavenly  body  from  the  equT- 
noctial^  measured  upon  the  meridian^  is  called  its  de- 
clination. 

Therefore,  the  sun*s  declination,  north  or  south, 
at  any  time,  is  the  same  as  the  latitude  of  any  place 
to  which  he  is  then  vertical,  which  is  never  more 
than  23 T  degrees. 

Therefore  all  parallels  of  declination  on  the  celes- 
tial globe  are  the  very  same  as  parallels  of  latitude 
on  the  terrestrial. 

Stars  may  have  north  latitude  and  south  declina- 
tion, and  t'/ce  fer^a. 

That  which  is  called  longitude  on  the  terrestrial 
globe,  is  called  right  ascension  on  the  celestial ; 
namely,  the  sun  or  star's  distance  from  that  meridian 
which  passes  through  the  iii^t  point  of  Aries,  counted 
on.  the  equinoctial. 

Astronomers  also  speak  of  oblique  ascension  and 
descemioni  by  which  mean  the  distance  of  that  point 
of  the  equinoctial  from  the  first  point  of  Aries,  which 
in  an  oblique  sphere  rises  and  sets  at  the  same  time 
that  the  sun  or  star  rises  or  sets. 

Jscensional  difference  is  the  difference  betwixt 
right  and  oblique  ascension.  The  sun's  ascensional 
difference  turned  into  time,  is  just  so  much  as  he 
rises  before  or  after  six  o'clock. 

The  celestial  signs  and  constellations  on  the  surface 
of  the  celestial  globe,  are  represented  by  a  variety  of 
human  and  other  figures,  to  which  the  stars  that  are 
either  in  or  near  them,  are  referred. 

The  several  systems  of  stars,  which  are  applied  t^ 
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those  images,  are  called  constellations.  Twelve  of 
these  are  represented  on  the  echptic  circle,  and  ex- 
tend both  northward  and  southward  from  it.  So  many 
of  those  stars  as  fall  within  the  limits  of  8  degrees  on 
both  sides  the  ecliptic  circle,  together  with  such  parts 
of  their  images  as  are  contained  within  the  aforesaid 
bounds,  constitute  a  kind  of  broad  hoop,  belt,  or 
girdle,  which  is  called  the  zodiac. 

The  names  and  the  respective  characters  of  the 
twelve  signs  of  the  ecliptic,  may  be  learned  by  in- 
spection on  the  surface  of  the  broad  paper  circle,  and 
the  constellations  from  the  globe  itself. 

The  zodiac  is  represented  by  eight  circles  parallel 
to  the  ecliptic,  on  each  side  thereof;  these  circles  are 
one  degree  distant  from  each  other,  so  that  the  whole 
breadth  of  the  zodiac  is  sixteen  degrees. 

Amongst  those  parallels,  the  latitude  of  the  planets 
is  reckoned ;  and  in  their  apparent  motion  they 
never  exceed  the  limits  of  the  zodiac. 

On  each  side  of  the  zodiac,  as  we  observed,  other 
constellations  are  distinguished  ;  those  on  the  north 
side  are  called  northern,  and  those  on  the  south  side 
of  it,  southern  constellations. 

OF   THE    PRECESSION    OF   THE    EGlUINOXES. 

All  those  stars  which  compose  these  constellations, 
are  supposed  to  increase  their  longitude  continually ; 
upon  which  supposition,  the  whole  starry  firmament 
has  a  slow  motion  from  west  to  east ;  insomuch  that 
the  first  star  in  the  constellation  of  Aries,  which  ap- 
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peared  in  the  vernal  intersection  of  the  equatoi'  and 
ecliptic  in  the  time  of  3Itto7i,  the  Athenian^  up- 
wards of  1900  years  ago,  is  now  removed  about  30 
degrees  from  it. 

This  change  of  the  stars  in  longitude,  which  has 
now  become  sufficiently  apparent,  is  owing  to  a  small 
retrograde  motion  of  the  equinoctial  points,  of  about 
50  seconds  in  a  year,  which  is  occasioned  by  the  at- 
traction of  the  sun  and  moon  Upon  the  protuberant 
matter  about  the  equator.  The  same  cause  also  oc- 
casions a  small  deviation  in  the  parallelism  of  the 
earth's  axis,  by  which  it  is  continually  directed  to- 
wards different  points  in  the  heavens,  and  makes  a 
complete  revolution  round  the  ecliptic,  in  about 
25,920  years.  The  former  of  these  motions  is  called 
the  precession  of  the  equinoxes,  the  latter  the  nuta- 
tion oj  the  earth! s  axis.  In  consequence  of  this  shift- 
ing of  the  equinoctial  points,  an  alteration  has  taken 
place  in  the  signs  of  the  ecliptic ;  those  stars,  which, 
in  the  infancy  of  astronomy  were  in  Aries,  being  now 
got  into  Taurus,  those  of  Taurus  into  Gemini,  &c.  so 
that  the  stars  which  rose  and  set  at  any  particular  sea- 
son of  the  year,  in  the  times  of  Hesiod,  Eudoxes,  and 
Virgil,  will  not  at  present  answer  the  description 
given  of  them  by  those  writers. 

Problem  i.  To  represent  the  motion  of  the  equi- 
noctial points  backwards,  or  in  atitecedentiay  upon 
the  celestial  globe, 

.Elevate  the  north  pole,  so  that  its  axis  may  be 
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perpendicular  to  the  plane  of  the  broad  paper  circle, 
and  the  equator  will  then  be  in  the  same  plane ;  let 
these  represent  the  ecliptic,  and  then  the  poles  of  the 
globe  will  also  represent  those  of  the  ecHptic  ;  the 
ecliptic  line  upon  the  globe  will,  at  the  same  time 
represent  the  equator,  inclined  in  an  angle  of  23i  de- 
grees, to  the  broad  paper  circle  now  called  the  ecliptic, 
and  cutting  it  in  two  points,  which  are  called  the 
equinoctial  intersections. 

Now  if  you  turn  the  globe  slowly  round  upon  its 
axis,  from  east  to  west,  while  it  is  in  this  position, 
these  points  of  intersection  will  move  round  the  same 
way ;  and  the  inclination  of  the  circle,  which  in  shew- 
ing this  motion  represents  the  equinoctial,  will  not 
be  altered  by  such  a  revolution  of  the  intersecting  or 
equinoctial  points.  This  motion  is  called  the  pre- 
cession of  equinoxes,  because  it  carries  the  equinoc- 
tial points  backwards  amongst  the  fixed  stars. 

The  poles  of  the  world  seem  to  describe  a  circle 
from  east  to  west,  round  the  poles  of  the  ecliptic, 
arising  from  the  precession  of  the  equinox.  It  is  a 
very  slow  motion,  for  the  equinoctial  points  take  up 
72  years  to  move  one  degree,  and  therefore  they  are 
25,920  years  in  describing  36o  degrees,  or  complet- 
ing a  revolution. 

This  motion  of  the  poles  is  easily  represented  by 
the  above  described  position  of  the  globe,  in  which, 
if  the  reader  remembers,  the  broad  paper  circle  re- 
presents the  ecliptic,  and  the  axis  of  the  globe  be- 
ing perpendicular  thereto,  represents  the  axis  of  the 
ecliptic ;  and  the  two  points  where  the  circular  lines 
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meet  will  represent  the  poles  of  the  world,  whence, 
as  the  globe  is  slowly  turned  from  east  to  west,  these 
points  will  revolve  the  same  way  about  the  poles  of 
the  globe,  which  are  here  supposed  to  represent  the 
poles  of  the  ecliptic.  The  axis  of  the  world  may  re- 
volve as  above,  although  its  situation,  with  respect 
to  the  ecliptic,  be  not  altered ;  for  the  points  here 
supposed  to  represent  the  poles  of  the  world,  will 
always  keep  the  same  distance  from  the  broad  paper 
circle,  which  represents  the  ecliptic  in  this  situation 
of  the  globe.'* 

From  the  different  desrees  of  brightness  in  the 
stars,  some  appear  to  be  greater  than  others,  or 
nearer  to  us :  on  our  celestial  globe  they  are  distin- 
guished into  seven  different  magnitudes. 

*  A  globe  is  sometimes  mounted  with  an  apparatus  peculiarly 
for  this  purpose,  and  is  the  best  adapted  to  convey  a  sufficient  idea 
of  this  curious  phenomenon,  and  which  I  hare  already  more 
clearly  explained  in  page  174. 
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THE  USE 

OF   THE 

CELESTIAL  GLOBE, 

IN    THE    SOLUTION    OF 

PROBLEMS  RELATIVE  TO  THE  SUiV. 


Jl#VERY  thing  that  relates  to  the  sun  is  of  such  im- 
portance to  man^  that  in  all  things  he  claims  a  na- 
tural pre-eminence.  The  sun  is  at  once  the  most 
beautiful  emblem  of  the  Supreme  Being,  and  un- 
der his  influence,  the  fostering  parent  of  worlds ; 
being  present  to  them  by  his  rays,  cheering  them  by 
his  countenance,  cherishing  them  by  his  heat,  adorn- 
ing them  at  each  returning  spring  v/ith  the  gayest 
and  richest  attire,  illuminating  them  with  his  light, 
and  feeding  the  lamp  of  life. 

To  the  ancients,  he  was  known  under  a  variety  of 
names,  each  characteristic  of  his  diflferent  effects ; 
he  was  their  Hercules,  the  great  deliverer,  the  re- 
storer of  light  out  of  darkness,  the  dispenser  of  good, 
continually  labouring  for  the  happiness  of  a  depraved 
race.  He  was  the  Mithra  of  the  Persians,  a  word 
derived  from  love,  or  mercy,  because  the  whole  world 
is  cherished  by  him,  and  feels,  as  it  were,  the  effectij 
of  his  love. 

X  2 
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In  the  sacred  scriptures,  the  original  source  of  all 
eirtblematical  writings,  our  Lord  is  called  our  sun, 
and  the  sun  of  righteousness ;  and  as  there  is  but 
one  sun  in  the  heavens,  so  there  is  but  one  true  God, 
the  maker  and  redeemer  of  all  things,  the  light  of  the 
understanding,  and  the  hfe  of  the  soul. 

As  in  scripture  our  God  is  spokea  of  as  a  shield 
and  buckler,  so  the  sun  is  characterized  by  this 
mark  O,  representing  a  shield  or  buckler,  the  middle 
point  the  umbo,  or  boss  ;  because  it  is  love,  or  life, 
which  alone  can  protect  from  fear  and  death. 

His  celestial  rays,  like  those  of  the  sun,  take  their 
circuit  round  the  earth ;  there  is  no  corner  of  it  so 
remote  as  to  be  without  the  reach  of  their  vivifying 
and  penetrating  power.  As  the  material  light  is  al- 
ways ready  to  run  its  heavenly  race,  and  daily  issues* 
forth  with  renewed  vigour,  like  an  invincible  cham- 
pion, still  fresh  to  labour;  so  likewise  did  our  redeem- 
ing God  rejoice  to  run  his  glorious  race,  he  excelled 
in  strength,  and  triumphed,  and  continues  to  triumph 
over  all  the  powers  of  darkness,  and  is  ever  manifest- 
ing himself  as  the  deliverer,  the  protector,  the  friend, 
and  father  of  tlie  human  race.* 


Problem  ii.     To  rectify  the  Celestial  Globe, 

To  rectify  the  celestial  globe,  is  to  put  it  in  that 
position  in  which  it  may  represent  exactly  the  appa- 
rent motions  of  the  heavens. 

*  JlornCf  on  the  Psalms. 
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In  different  places  the  position  will  vary,  and  that 
-according  to  the  different  latitudes  of  the  places. 
Therefore,  to  rectify  for  any  place,  find,  first,  by  the 
terrestrial  globe,  the  latitude  of  that  place. 

The  latitude  of  the  place  being  found  in  degrees, 
elevate  the  pole  of  the  celestial  globe  tlie  same  number 
of  degrees  and  minutes  above  the  plane  of  the  hori- 
zon, for  this  is  the  name  given  to  the  broad  paper 
circle,  in  the  use  of  the  celestial  globe. 

Thus,  the  latitude  of  London  being  514  degrees, 
let  the  globe  be  moved  till  the  plane  of  the  horizon 
cuts  the  meridian  in  that  point. 

The  next  rectification  is  for  the  sun's  place, 
which  may  be  performed  as  directed  in  Prob.  xxix ; 
or  look  for  the  day  of  the  month  close  under  the 
ecliptic  line,  against  which  is  the  sun's  place ;  place 
the  artificial  sun,  or  small  paper  patch,  over  that 
point,  then  bring  the  sun's  place  to  the  graduated 
edge  of  the  strong  brazen  meridian,  and  set  the  hour 
index  to  the  most  elevated  XII. 

Thus,  on  the  24th  of  May  the  sun  is  in  31  de- 
grees of  Gemini,  and  is  situated  near  the  Bull's  eye 
and  the  seven  stars,  which  are  not  then  visible  on  ac- 
count of  his  superior  light.  If  the  sun  were  on  that 
day  to  suffer  a  total  eclipse,  these  stars  would  then  be 
seen  shining  with  their  accustomed  brightness. 

Lastly.  Set  the  meridian  of  the  globe  north  and 
south  by  the  compass. 

And  the  globe  will  be  rectified,  or  put  into  a  simi- 
lar position  to  the  concave  surface  of  tj^e  heavens, 
for  the  given  latitude. 

x3 
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Problem  hi.     Tojind  the  right  ascension  and  t/e- 
clination  of  the  sun,  for  any  day. 

Bring  the  sun  s  place  in  the  ediptic  for  the  given 
day  to  the  meridian,  and  the  degree  of  the  meridian 
directly  over  it  is. the  sun's  declination,  for  that  day 
at  noon.  The  point  of  the  equinoctial  cut  by  the 
meridian,  w^hen  the  sun  s  place  is  under  it,  will  be 
the  right  ascension. 

Thus,  April  I9,  the  suns  declination  is  U''  14' 
north,  his  right  ascension  27°  30'.  On  the  first  of 
December,  the  suns  declination  is  21°  54'  south, 
right  ascension  247°  50'. 

Problem  iv.     Tojind  the  sun's  oblique  ascension 

and  descension,  its  eastern  and  tcestern  amplitude, 

and  tirne  of  rising  arid  setting,  on  any  given  time, 

in  any  given  place. 

» 
1.     Rectify  the  globe  for  the  latitude,  the  zenith, 

and  the  suns  place.  2.  Bring  the  suns  place  to 
the  eastern  side  of  the  horizon ;  then  the  number  of 
degrees  intercepted  between  a  degree  of  the  equinoc- 
tial at  the  horizon,  and  the  beginning  of  Aries  is  the 
sun  s  oblique  ascension.  3.  The  number  of  degrees 
on  the  horizon  intercepted  between  the  east  point 
and  the  sun's  place,  is  the  eastern  or  rising  amplitude. 
4.  The  hour  shewn  by  the  index  is  the  time  of  sun- 
rising.  5.  Carry  the  sun  to  the  western  side  of  the 
horizon,  and  you  in  the  same  manner  obtain  the 
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eblique  descension,  western  amplitude,  and  time  of 
setting.     Thus,  at  London,  May  1, 
'i'he  sun's  oblique  ascension    - 

Eastern  amplitude 

Time  of  rising    - 

Oblique  descension 

Western  amjolitude     - 

Time  of  setting 


Problem  v.     Tojind  the  sun's  jneridian  altitude, 

Rectify  the  globe  for  the  latitude,  zenith,  and  sun's 
place ;  and  when  the  sun's  place  is  in  the  meridian, 
the  degrees  between  that  point  and  the  horizon  are 
its  meridian  altitude.  Thus,  on  May  1 7,  at  London, 
the  meridian  altitude  of  the  sun  is  57°  55'. 


Problem  vi.     Tojind  the  length  of  any  day  in  the 
year,  in  any  latitude  not  exceedifig  66 1  degrees. 

Elevate  the  celestial  globe  to  the  latitude,  and  set 
the  centre  of  the  artificial  sun  to  his  place  upon  the 
ecliptic  line  on  the  globe  for  the  given  day,  and 
bring  its  centre  to  the  strong  brass  meridian,  placing 
the  horary  index  to  that  XII  which  is  most  elevated  ; 
then  turn  the  globe  till  the  artificial  sun  cuts  the 
eastern  edge  of  the  horizon,  and  the  horary  index 
will  shew  the  time  of  sun-rising ;  turn  it  to  the  west- 
ern side,  and  you  obtoin  the  hour  of  sun-setting. 

The  length  of  the  day  and  night  will  be  obtained 
X4 
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by  doubling  the  time  of  sun-rising  and  setting,  &s 
before. 


Problem  vii.  To  find  the  length  of  the  longest 
and  shortest  days  in  any  latitude  that  does  not  ex- 
ceed 66 ':i:  degrees. 

Elevate  the  globe  according  to  the  latitude^  ancj 
place  the  centre  of  the  artificial  sun  for  the  longest 
day  upon  the  first  point  of  Cancer;  but  for  the. 
shortest  day  upon  the  first  point  *of  Capricorn :  then 
proceed  as  in  the  last  problem. 

But  if  the  place  hath  south  latitude,  the  sun  is  in 
the  first  point  of  Capricorn  on  their  longest  day,  and 
in  the  first  point  of  Cancer  on  their  shortest  day. 


Problem  vi|i.  To  find  the  latitude  of  a  placc^ 
in  which  its  longest  day  may  he  oj  any  given  kngtl^ 
between  twelve  and  twenty-four  hours. 

Set  the  artificial  sun  tq  the  first  point  of  Cance^r, 
bring  its  centre  to  the  strong  brass  meridian,  and  set 
the  horary  index  to  XII ;  turn  the  globe  till  it  points 
to  half  the  number  of  the  given  hours  and  minutes  ; 
then  elevate  or  depress  the  pole  till  the  artificial  suu 
coincides  with  the  horizon,  and  that  elevation  pf  the 
pole  is  the  latitude  required. 
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Problem  ix.  To  find  the  time  of  the  suiis  rising 
and  setting,  the  length  of  the  day  and  night,  on  amj 
plape  whose  latitude  lies  between  the  polar  circles ; 
and  also  the  length  of  the  shortest  day  in  any  of 
those  latitudes^  and  in  what  climate  they  are. 

Rectify  the  globe  to  the  latitude  of  the  given  place, 
and  bring  the  artificial  sun  to  his  place  in  the  ecliptiq 
for  the  given  day  of  the  month  ;  and  then  bring  its 
centre  under  the  strong  brass  meridian^  and  set  the 
horary  index  to  that  XII  which  is  most  elevated. 

Then  bring  the  centre  of  the  artificial  sun  to  the 
eastern  part  of  the  broad  paper  circle,  v^hich  in  this 
case  represents  the  horizon,  and  the  horary  index 
shews  the  time  of  the  sun-rising  ;  turn  the  artificial 
^un  to  the  western  side^  and  the  horary  index  will 
shew  the  time  of  the  sun-setting. 

Double  the  time  of  sun-rising  is  the  length  of  the 
nighty  and  the  double  of  that  of  sun-setting,  is  the 
length  of  the  day. 

Thus,  qn  the  5th  day  of  June,  the  sun  rises  at  3h. 
40m.  and  sets  at  8h.  20m. ;  by  doubling  each  num- 
ber it  will  appear,  that  the  length  of  this  day  is  l6h. 
40m.  and  that  of  the  night  7h.  2Qm. 

The  Iqngest  day  at  all  places  in  north  latitude,  is 
>vhen  the  sun  is  in  the  first  point  of  Cancer  :    And, 

The  longest  day  to  those  in  south  latitude,  is  when 
|;he  sun  is  in  the  first  point  of  Capricorn. 

Wherefore,  the  globe  being  rectified  as  above,  and 
the  artificial  sun  placed  to  the  first  point  of  Cancer, 
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and  brought  to  the  eastern  edge  of  the  broad  paper 
circle,  and  the  horary  index  being  set  to  that  XII 
which  is  most  elevated,  on  turning  the  globe  from 
east  to  westj  until  the  artificial  sun  coincides  with 
the  western  ^dge,  the  number  of  hours  counted, 
which  are  passed  over  by  the  horary  index,  is  the 
length  of  the  longest  day;  their  complement  to  24 
hours,  gives  the  length  of  the  shortest  night- 

If  twelve  hours  be  subtracted  from  the  length  of 
the  longest  day,  and  the  remaining  hours  doubled, 
you  obtain  the  climate  mentioned  b}^  ancient  histo- 
rians ;  and  if  you  take  half  the  climate,  and  add 
thereto  twelve  hours,  you  obtain  the  length  of  the 
longest  day  in  that  climate.  This  holds  good  for 
every  climate  between  the  polar  circles. 

A  climate  is  a  space  upon  the  surface  of  the  earth, 
contained  between  two  parallels  of  latitude,  so  far 
distant  from  each  other,  that  the  longest  day  in  one, 
diifers  half  an  hour  from  the  longest  day  in  the 
©ther  parallel. 

Problem  x.  The  latitude  of  a  place  being  given 
in  one  of  the  polar  circles^  (suppose  the  northern)  to 
find  what  numher  of  da^s  (of  i>4  hours  each)  the  sun 
doth  constantlj/ shine  upo7i  the  same,  hotv  long  he  is 
absent,  and  also  the  first  and  last  day  of  his  appear- 
ance. 

Having  rectified  tlie  globe  according  to  the  lati- 
tude, turn  it  about  until  some  point  in  the  first 
quadrant  of  the  ecliptic  (because  the  latitude  is  nortli) 
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intersects  the  meridian  in  the  north  point  of  the  hori- 
zon :  and  right  against  that  point  of  the  echptic,  on 
the  horizon,  stands  the  day  of  the  month  wlien  the 
longest  day  begins. 

And  if  the  globe  be  turned  about  till  some  point 
in  the  second  quadrant  of  the  ecliptic  cuts  the  me- 
ridian in  the  same  point  of  the  horizon,  it  will  shevy 
the  sun  s  place  when  the  longest  day  ends,  whence 
the  day  of  the  month  may  be  found,  as  before  ;  then 
the  number  of  natural  days  contained  between  the 
times  the  longest  day  begins  and  ends,  is  the  length 
of  the  longest  day  required. 

Again,  turn  the  globe  about,  until  some  point  in 
the  third  quadrant  of  the  ecliptic  cuts  the  meridian  in 
the  south  part  of  the  horizon  ;  that  point  of  the  eclip- 
tic will  give  the  time  when  the  longest  night  begins. 

Lastly,  turn  the  globe  about,  until  some  point  in 
the  fourth  quadrant  of  the  ecliptic  cuts  the  meridian 
in  the  south  point  of  the  horizon  ;  ^nd  that  point  of 
the  ecliptic  will  be  the  place  of  the  sun  when  the 
longest  nio;ht  ends. 

Or,  the  time  when  the  longest  day  or  night  be- 
gins being  known,  their  end  may  be  found  by 
counting  the  number  of  days  from  that  time  to  the 
succeeding  solstice  ;  then  counting  the  same  number 
of  days  from  the  solstitial  day,  will  give  the  time  when 
it  ends. 
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OF   THE   EQUATION   OF   TIME. 

It  is  not  possible,  in  a  treatise  of  this  kind,  to 
enter  into  a  disquisition  of  thp  nature  of  time.  It 
is  sufficient  to  observe,  that  if  we  would  with  exact- 
pess  estimate  the  quantity  of  any  portion  of  infinite 
duration,  or  convey  an  idea  of  the  same  to  others,  ^^  e 
pjake  use  of  such  known  measures  as  have  beeq 
originally  borrowed  from  the  motions  of  the  heavenly 
bodies.  It  is  true,  pone  pf  these  motions  are  ex- 
actly equ.al  and  uniform,  but  are  subject  to  some 
small  irregularities,  which,  though  of  no  consequence 
in  the  affairs  of  civil  life,  must  be  taken  into  the 
^.ccount  in  astronomical  calculations.  There  are 
other  irregularities  of  more  importance,  one  of  which 
is  in  the  inequality  of  the  natural  day. 

It  is  a  consideration  that  cannot  be  reflected  upon 
without  surprize,  that  wherever  we  look  for  com^ 
mensurabilities,  and  equalities  in  nature,  we  are  al-» 
ways  disappointed.  The  earth  is  spherical,  but  not 
perfectly  so ;  the  summer  is  unequal,  when  com- 
pared with  the  winter ;  the  ecliptic  disagrees  with 
the  equator,  and  never  cuts  it  twice  in  the  same 
equinoctial  point.  The  orbit  of  the  earth  has  an 
eccentricity  more  than  double  in  proportion  to  the 
spheroidity  of  its  globe;  no  number  of  the  revolu- 
tions of  the  moon  coincide  with  any  number  of  the 
revolutions  of  the  earth  in  its  orbit ;  no  two  of  the 
planets  measure  one  another  :  and  thus  it  is,  wher- 
ever we  turn  our  thoughts,  so  different  are  the  views 
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t)f  the  Creator  frortt  our  narrow  conception  of  things ; 
where  we  look  for  commensuration,  we  find  variety 
and  infinity. 

Thus'ancient  astronomers  looked  upon  the  motion 
of  the  sun  to  be  sufficiently  regular  for  the  mensu- 
ration of  time ;  but,  by  the  accurate  observations  of 
later  astronomers,  it  is  found,  that  neither  the  days, 
nor  even  the  hours,  as  measured  by  the  sun  s  ap- 
parent motion,  are  of  an  equal  length,  on  two  ac- 
counts. 

1st,  A  natural  or  solar  day  of  24  hours,  is  that 
space  of  time  the  sun  takes  up  in  passing  from  any 
particular  meridian  to  the  same  again  ;  but  one  re- 
volution of  the  earth,  with  respect  to  a  fixed  star,  is 
performed  in  23  hours,  66  minutes,  4  seconds  ; 
therefore  the  unequal  progression  of  the  earth 
through  her  elhptical  orbit,  (as  she  takes  almost  eight 
days  more  to  run  through  the  northern  half  of  the 
ecliptic,  than  she  does  to  pass  through  the  soutliern) 
is  the  reason  that  the  length  of  the  day  is  not  exactly 
equal  to  the  time  in  which  the  earth  performs  its 
rotation  about  its  axis. 

2d.  From  the  obliquity  of  the  ecliptic  to  the 
equator,  on  which  last  we  mear.ure  time  ;  and  as  equal 
proportions  of  one  do  not  correspond  to  equal  portions 
of  the  other,  the  apparent  motion  of  the  sun  would 
not  be  uniform  ;  or,  in  other  words,  these  paints  of 
the  equator  which  come  to  the  meridian,  with  the 
place  of  the  sun  on  different  days,  would  not  be  at 
equal  distances  from  each  other. 
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Problem  xi.  To  illustrate^  hj  the  glohe,  so 
tniich  of  the  equation  oj' time  as  is  in  consequence  of 
the  sun^s  apparent  motion  in  the  ecliptic. 

Bring  every  tenth  degree  of  the  ecliptic  to  the  gra- 
duated side  of  the  strong  brass  meridian,  and  you 
will  find  that  each  tenth  degree  on  the  equator  will 
not  come  thither  ^vith  it ;  but  in  the  following  order 
from  T  to  25,  every  tenth  degree  of  the  ecliptic 
comes  sooner  to  the  stronj^brass  meridian  than  their 
corresponding  tenths  on  the  equator ;  those  in  the 
second  quadrant  of  the  ecliptic,  from  25  to  ri^,  come 
later ;  from  =2=  to  Vy,  sooner  ;  and  from  VJ  to  T^ 
later ;  whilst  those  at  the  beginning  of  each  qua- 
drant come  to  the  meridian  at  the  same  time ; 
tlierefore  the  sun  and  clock  would  be  equal  at  these 
four  times,  if  the  sun  was  not  longer  in  passing 
through  one  half  of  the  ecliptic  than  the  other,  and 
the  two  inequalities  joined  together,  compose  that 
difference  which  is  called  the  equation  of  time. 

These  causes  are  independent  of  each  other,  some- 
times they  agree,  and  at  other  times  are  contrary  to 
one  another. 

The  inequality  of  the  natural  day  is  the  cause  that 
clocks  or  watches  are  sometimes  before,  and  some- 
times hehind  the  sun. 

A  good  and  well-regulated  clock  goes  uniformly 
on  throughout  the  year,  so  as  to  mark  the  equal 
hours  of  a  natural  day  of  a  mean  length  ;  a  sun-dial 
marks  the  hours  of  every  day  in  such  a  manner,  that 
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every  hour  is  a  24th  part  of  the  time  between  the 
poon  of  that  day,  and  the  noon  of  the  day  immedi- 
ately following.  The  time  measured  by  a  clock  is 
called  equal  or  true  time  ;  that  measured  by  the  sun- 
dial apparent  time. 

THE    USE    OF  THE    CELESTIAL    GLOBE,    IN    PROBLExMS 
RELATIVE   TO   THE    FIXED    STARS- 

The  use  of  the  celestial  globe  is  in  no  instance 
more  conspicuous  than  in  the  problems  concerning 
the  fixed  stars.  Among  many  other  advantages,  it 
will,  if  joined  with  observations  on  tlie  stars  them- 
selves, render  the  practice  and  theory  of  other  pro- 
blems easy  and  clear  to  the  pupil,  and  vastly  facilitate 
his  progress  in  astronomical  knowledge- 

The  heavens  are  as  much  studded  ovei'  with  stars 
in  the  day  as  in  the  night ;  only  they  are  then  ren- 
dered invisible  to  us  by  the  brightness  of  the  solar 
rays.  But  when  this  glorious  luminary  descends 
below  the  horizon,  they  begin  gradually  to  appear ; 
when  the  sun  is  about  12  degrees  below  the  horizon, 
stars  of  the  first  magnitude  become  visible ;  when  he 
is  thirteen  degrees,  those  of  the  second  are  seen ; 
when  fourteen  deo^rees  those  of  the  third  magnitude 
appear ;  when  fifteen  degrees,  those  of  the  fourth 
present  themselves  to  view;  when  he  is  descended 
about  eighteen  degrees,  the  stars  of  the  fifth  and 
sixth  magnitude,  and  those  that  are  still  smaller,  be- 
come conspicuous,  and  the  azure  arch  sparkles  with 
all  its  glory. 
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Problem  xir.  Tojind  the  right  ascemton  and  dectU 
nation  of  any  given  star. 

Bring  the  given  star  to  the  meridian,  and  the  de- 
gree undel'  which  it  hes  is  its  dechnation;  and  the 
point  in  which  the  meridian  intersects  the  equinoctial 
is  its  right  ascension.  1  Kus  the  right  ascension  of 
Sirius  is  99°,  its  dechnation  l6^  125' south;  the  right 
ascension  of  Arcturus  is  211*32'^  its  dechnation 
20''  20'  north. 

The  dechnation  is  used  to  find  the  latitude  of 
places  ;  the  right  ascension  is  used  to  find  the  time 
at  which  a  star  or  planet  comes  to  the  meridian  ;  to 
find  at  any  given  time  how  long  it  will  he  before  any 
celestial  body  comes  to  the  meridian  ;  to  determine 
in  what  order  those  bodies  pass  the  meridian  ;  and  to 
make  a  catalos^ue  of  the  fixed  stars. 


Problem  xiii.     Tojind  the  latitude  and  longitude 
oj  a  given  star. 

Bring  the  pole  of  the  ecliptic  to  the  meridian, 
over  which  fix  the  quadrant  of  altitude,  and,  holding 
the  globe  very  steady,  move  the  quadrant  to  lie  over 
the  given  star,  and  the  degree  of  the  quadrant  cut 
by  the  star  is  its  latitude  ;  the  degree  of  the  ecliptic 
cut  at  the  same  time  by  the  quadrant  is  the  longitude 
of  the  star. 

.  Thus  the  latitude  of  Arcturus  is  30\30',   N-  its 
longitude  20"   20'  of  Libra :    the    latitude  of  CV 
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pella  is    22«    22'   north,    its    longitude    18=  8'    of 
Gemini. 

The  latitude  and  longitude  of  stars  is  used  to  fix 
precisely  their  places  on  the  globe,  to  refer  planets 
and  comets  to  the  stars  ;  and,  lastly,  to  determine 
whether  they  have  any  motion,  whether  any  stars 
vanish,  or  new  ones  appear. 

Problem  XIV.  The  right  ascension  and  decli- 
nation of  a  star  being  given,  tojind  its  place  on  the 
globe. 

Turn  the  globe  till  the  meridian  cuts  the  equi- 
noctial in  the  degree  of  right  ascension.  Thus,  for 
example,  suppose  the  right  ascension  of  Aldebaran 
to  be  65°  30',  and  its  declination  to  be  l6°  north, 
then  turn  the  globe  about  till  the  meridian  cuts  the 
equinoctial  in  65°  30',  and  under  the  l6°  of  the  me- 
ridian, on  the  northern  part,  you  will  observe  the 
star  Aldebaran,  or  the  Bull's  eye. 

Problem  xv.     Tojind  at  what  hour  any  known  star 
passes  the  meridian  at  any  given  day. 

Find  the  sun's  place  for  that  day  in  the  ecliptic, 
and  bring  it  to  the  strong  brass  meridian,  set  the  ho- 
rary index  to  XII  o'clock,  then  turn  the  globe  till 
the  star  comes  to  the  meridian,  and  the  index  will 
mark  the  time.  Thus,  on  the  15  th  of  August,  Lyra 
comes  to  the  meridian  at  45  minutes  past  VIII  in  the 
evening.     Qn  the  14th  of  September,  the  brightest 
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of  the  Pleiades  will  be  on  the  meridian  at  IV  in  the 
morning. 

This  problem  is  useful  for  directing  when  to  look 
for  any  star  on  the  meridian,  in  order  to  find  the  la- 
titude of  a  place,  to  adjust  a  clock,  &c. 

Problem  xvi.     To  find  on  what  day  a  given  star 
will  come  to  the  meridian  at  any  given  hour. 

Bring  the  given  star  to  the  meridian,  and  set  the 
index  to  the  proposed  hour ;  then  turn  the  globe  till 
the  index  points  to  XII  at  noon  and  observe  the 
degree  of  the  ecliptic  then  at  the  meridian  ;  this  is 
the  sun's  place,  the  day  answ^ering  to  which  may  be 
found  on  the  calendar  of  the  broad  paper  circle. 

By  knowing  whether  the  hour  be  in  the  morning 
®r  afternoon,  it  will  be  easy  to  perceive  which  way  to 
turn  the  globe,  that  the  proper  XII  may  be  pointed 
to  ;  the  globe  must  be  turned  towards  the  west,  if  the 
given  hour  be  in  the  morning ;  towards  the  east,  it  it 
be  afternoon. 

Thus,  Arcturus  will  be  on  the  meridian  at  III  in 
the  morning  on  March  the  5th,  and  Cor  Leonis  at 
VIII  in  the  evening  on  April  the  21st. 

Problem  xvii.  To  represent  the  face  of  the 
heavens  on  the  globe  for  a  given  hour  on  any  day  of 
the  year,  and  learn  to  distinguish  the  visible  Jixed 
stars. 

Rectify  the  globe  to  the  given  latitude  of  the  place 
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und  day  of  the  month,  setting  it  due  north  and  south 
by  the  needle  ;  then  turn  the  globe  on  its  axis  till 
the  index  points  to  the  given  hour  of  the  night ;  then 
all  the  upper  hemisphere  of  the  globe  will  represent 
the  visible  face  of  the  heavens  for  that  time,  by 
which  it  will  be  easily  seen  what  constellations  and 
stars  of  note  are  then  above  our  horizon,  and  what 
position  they  have  with  respect  to  the  points  of  the 
compass.  In  this  case,  supposing  the  eye  was  placed 
in  the  centre  of  the  globe,  and  holes  were  pierced 
through  the  centres  of  the  stars  on  its  surface,  the 
eye  would  perceive  through  those  holes  the  various 
corresponding  stars  in  the  firmament ;  and  hence 
it  would  be  easy  to  know  the  various  constellations 
at  sight,  and  to  be  able  to  call  all  the  stars  by  their 
names. 

Observe  some  star  that  you  know,  as  one  of  the 
Pointers  in  the  Great  Bear,  or  Sirius  ;  find  the  same 
on  the  globe,  and  take  notice  of  the  position  of  the 
contiguous  stars  in  the  same  or  an  adjoining  constel- 
lation ;  direct  your  sight  to  the  heavens,  and  you  will 
see  those  stars  in  the  same  situation.  Thus  you  may 
proceed  from  one  constellation  to  another,  till  you 
are  acquainted  with  most  of  the  principal  stars. 

"  For  example.  The  situation  of  the  stars  at  Lon- 
don on  the  9th  of  February,  at  2  min.  past  IX  in  the 
evening,  is  as  follows  : 

"  Sirius,  or  the  Dog-star,  is  on  the  meridian,  its 
altitude  22^ :  Procyon,  or  the  Little  Dog-star,  l6°  to- 
wards the  east,  its  altitude  431 :  about  24°  above  this 
last,  and  something  more  towards  the  east,  are  the 
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Twins,  Castor,  and  Pollux :  S.  6*5°  E.  and  35"  in 
heio-ht,  is  the  bright  star  Regulus,  or  Cor  Leonis : 
^exactly  in  the  east,  and  22°  high,  is  the  star  Deneb 
Alased  in  the  Lion's  tail :  30^  from  the  east  towards 
the  north,  Arcturus  is  about  3°  above  the  horizon  : 
directly  over  Arcturus,  and  31°  above  the  horizon, 
is  Cor  Caroli :  in  the  north-east  are  the  stars  in  the 
extremity  of  the  Great  Bear  s  tail ;  Aleath,  the  first 
star  in  the  tail,  and  Dubhe,  the  northernmost  Pointer 
in  the  same  constellation  :  the  altitude  of  the  first  of 
these  is  30^%  that  of  the  second  41°,  and  that  of  the 
third  56^ 

^^  Reckoning  westward,  we  see  the  beautiful  con- 
stellation Orion  ;  the  middle  star  of  the  three  in  his 
belt,  is  S.  20' W.  its  altitude  35°:  nine  degrees  be- 
low the  belt,  and  a  little  more  to  the  west,  is  Rigel, 
the  bright  star  in  his  heel :  above  his  belt,  in  a 
straight  line  drawn  from  Rigel  between  the  middle 
and  most  northward  in  his  belt,  and  9^  above  it,  is 
the  bright  star  in  his  shoulder:  S.  49^  W.  and  45^ 
above  the  horizon,  is  Aldebaran,  the  southern  eye  of 
the  Bull :  a  little  to  the  west  of  Aldebaran,  are  the 
Hyades  :  the  same  altitude,  and  about  S.  70°  W.  are 
the  Pleiades  :  in  the  W.  by  S.  point  is  Capella  in 
Auriga,  its  altitude  7^' •  in  the  north-west,  and 
about  4!i^  high,  is  the  constellation  Cassiopeia :  and 
almost  in  the  north,  near  the  horizon,  is  the  constel- 
Jatiop  Cygnug."* 

*  JBransbj/'s  Ufc  of  the  Globoi. 
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Problem  xviii.     To  tr^ace  the  circles  of  the  sphere 
in  the  starry  Jirmament. 

I  shall  solve  this  problem  for  the  time  of  the  au- 
tumnal equino^  ;  because  that  intersection  of  the 
equator  and  ecliptic  will  be  directly  under  the  de- 
T^'essed  part  of  the  meridian  about  midnight ;  and 
then  the  opposite  intersection  will  be  elevated  above 
the  horizon  ;  and  also  because  our  first  meridian 
upon  the  terrestrial  globe  passing  through  London 
and  the  first  point  of  Aries^  when  both  globes  are 
rectified  to  the  latitude  of  London  and  to  the  sun's 
place,  and  the  first  point  of  Aries  is  brought  under 
the  graduated  side  of  each  of  their  meridians,  we 
shall  have  the  corresponding  face  of  the  heavens  and 
the  earth  represented  as  they  are  with  respect  to  each 
other  at  that  time,  and  the  principal  circles  of  each 
sphere  will  correspond  with  each  other. 

The  horizon  is  then  distinguished,  if  we  begin 
from  the  north  and  count  westward,  by  the  following 
constellations  ;  the  hounds  and  waist  of  Bootes,  the 
northern  crown,  the  head  of  Hercules,  the  shoulders 
of  Serpentarius,  and  the  Sobieski's  shield  ;  it  passes 
a  little  below  the  feet  of  Antinous,  and  through 
those  of  Capricorn,  through  the  Sculptor's  frame, 
Eridanus,  the  star  Rigel  in  Orion  s  foot,  the  head  of 
Monoceros,  the  Crab,  the  head  of  the  Little  Lion, 
and  lower  part  of  the  Great  Bear. 

The  meridian  is  then  represented  by  the  equinoc 
tial  colure,  which  passes  through  the  star  marked  « 
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in  the  tail  of  the  Little  Bear,  under  the  north  pokv 
the  pole  star,  one  of  the  stars  in  the  back  of  Cassi- 
opeia's chair  marked  /3,  the  head  of  Andromeda,  the 
bright  star  in  the  wing  of  Pegasus  marked  y^  and  the 
extremity  of  the  tail  of  the' Whale. 

That  part  of  the  equator  which  is  then  above  the 
horizon,  is  distinguished  on  the  western  side  by  the 
northern  part  of  Sobieski's  shield,  the  shoulder  of 
Antinous,  the  head  and  vessel  of  Aquarius,  the  belly 
of  the  western  fish  in  Pisces ;  it  passes  through  the 
head  of  the  Whale,  and  a  bright  star  marked  S  in  the 
corner  of  his  mouth,  and  thence  through  the  star 
marked  5  in  the  belt  of  Orion,  at  that  time  near  the 
eastern  side  of  the  horizon. 

That  half  of  the  ecliptic  which  is  then  above  the 
horizon,  if  we  begin  from  the  western  side,  presents 
to  our  view  Capricornus,  Aquarius,  Pisces,  Aries, 
Taurus,  Gemini,  and  a  part  of  the  constellation 
Cancer. 

The  solstitial  colure,  from  the  western  side,  passes 
through  Cerberus  and  the  hand  of  Hercules,  thence 
by  the  western  side  of  the  constellation  Lyra,  and 
through  the  Dragon's  head  and  body,  through  the 
pole  point  under  the  polar  star,  to  the  east  of  Auriga, 
through  the  star  marked  yi  in  the  foot  of  Castor,  and 
through  the  hand  and  elbow  of  Orion. 

The  northern  polar  circle,  fiom  that  part  of  the 
meridian  under  the  elevated  pole,  advancing  towards 
the  west,  passes  through  the  shoulder  of  the  Great 
Bear,  thence  a  little  to  the  north  of  the  star  marked  « 
in  the  Dragon's  tail,  the  great  knot  of  the  Dragon, 
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the  middle  of  the  body  of  Cepheus,  the  northern 
part  of  Cassiopeia,  and  base  of  her  throne,  through 
Camelopardalus,  and  the  head  of  the  Great  Bear. 

The  tropic  of  Cancer,  from  the  ^^estern  edge  of  the 
horizon,  passes  under  the  arm  of  Hercules,  under  the 
Vulture,  through  the  (jloose  and  Fox,  which  is  under 
the  beak  and  wing  of  the  Swan,  under  the  star  call- 
ed Sheat,  marked  ^,  in  Pegasus,  under  the  head  of 
Andromeda,  and  through  the  star  marked  ^,  in  the 
fish  of  the  constellation  Pisces,  above  the  bright  star 
in  the  head  of  the  Ram,  marked  a,  through  the 
Pleiades,  between  the  horns  of  the  Bull,  and  through 
a  group  of  stars  at  the  foot  of  Castor,  thence  above  a 
star  marked  ^,  between  Castor  and  Pollux,  and  so 
through  a  part  of  the  constellation  Cancer,  where  it 
disappears  by  passing  under  the  eastern  part  of  the 
horizon. 

The  tropic  of  Capricorn,  from  the  western  side  of 
the  horizon,  passes  through  the  belly  and  under  the 
tail  of  Capricorn,  thence  under  Aquarius,  through  a 
star  in  Eridanus  marked  c,  thence  under  the  belly  of 
the  Whale,  through  the  base  of  the  Chemical  Fur- 
nace, whence  it  goes  under  the  Hare,  at  the  feet  of 
Orion,  being  there  depressed  under  the  horizon. 

The  southern  polar  circle  is  invisible  to  the  inha- 
bitants of  London,  by  being  under  out*  horizon. 


ARCTIC     AND     ANTARCTIC     CIRCLES,     OR    CIRCLES    OF 
PERPETUAL   APPARITION    AND   OCCULTATION. 

Tlie  largest  parallel  of  latitude  op^  the  terrestrial 
y4 
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globe,  as  well  as  the  largest  circle  of  declination 
on  the  celestial,  that  appears  entire  above  the  ho- 
rizon of  any  place  in  north  latitude,  was  called  by 
the  ancients  the  arctic  circle,  or  circle  of  perpetual 
apparition. 

Between  the  arctic  circle  and  the  north  pole  in 
the  celestial  sphere,  are  contained  all  those  stars 
which  never  set  at  that  place,  and  seem  to  us,  by 
the  rotative  motion  of  the  earth,  to  be  perpetually 
carried  round  above  our  horizon  in  circles  parallel  to 
the  equator. 

The  largest  parallel  of  latitude  on  the  terrestrial, 
and  the  largest  parallel  of  declination  to  the  celestial 
globe,  which  is  entirely  hid  below  the  horizon  of  any 
place,  was  by  the  ancients  called  the  antarctic  circle^ 
or  circle  of  perpetual  occultation. 

This  circle  includes  all  the  stars  which  never  rise 
in  that  place  to  an  inhabitant  of  the  northern  hemis- 
phere, but  are  perpetually  below  the  horizon. 

All  arctic  circles  touch  their  horizons  in  the  north 
point,  and  all  antarctic  circles  touch  their  horizons 
in  the  south  point ;  which  point,  in  the  terrestrial 
and  celestial  spheres,  is  the  intersection  of  the  meri- 
dian and  horizon. 

If  the  elevation  of  the  pole  be  45  degrees,  the  most 
elevated  part  either  of  the  arctic  or  antarctic  circle 
will  be  the  zenith  of  the  place. 

If  the  pole's  elevation  be  less  than  45  degrees, 
the  zenith  point  of  those  places  will  fall  without 
its  arctic  or  antarctic  circle;  if  greater,  it  will  fall 
within. 
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Therefore,  the  nearer  any  place  is  to  the  equator, 
the  less  will  its  arctic  and  antarctic  circles  be ;  and 
on  the  contrary,  the  farther  any  place  is  from  the 
equator,  the  greater  they  are.     So  that, 

At  the  poles,  the  equator  may  be  considered  as 
both  an  arctic  and  antarctic  circle,  because  its  plane 
is  coincident  with  that  of  the  horizon. 

But  at  the  equator  (that  is,  in  a  right  sphere)  there 
is  neither  arctic  nor  antarctic  circle. 

They  who  live  under  the  northern  polar  circle, 
have  the  tropic  of  Cancer  for  their  arctic,  and  that  of 
Capricorn  for  their  antarctic  circle. 

And  they  who  live  on  either  tropic,  have  one  of  the 
polar  circles  for  their  arctic,  and  the  other  for  their 
antarctic  circles. 

Hence,  whether  these  circles  fall  within  or  without 
the  tropics,  their  distance  from  the  zenith  of  any 
place  is  ever  equal  to  the  difference  between  the 
pole's  elevation  and  that  of  the  equator  above  the 
horizon  of  that  place. 

From  what  has  been  said,  it  is  plain  there  may  be 
as  many  arctic  and  antarctic  circles,  as  there  are  in- 
dividual points  upon  any  one  meridian  between  the 
north  and  south  poles  of  the  earth. 

Many  authors  have  mistaken  these  mutable  circles, 
and  have  given  their  names  to  the  immutable  polar 
circles,  which  last  are  arctic  ind  antarctic  circles, 
in  one  particular  case  only,  as  has  been  shewn. 
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Problem  3?ix.  To  find  the  circle  or  parallel  of 
perpetual  apparition,  or  occultation  of  a  fixed  star, 
in  a  given  latitude. 

By  rectifying  the  globe  to  the  latitude  of  the  place, 
and  .turning  it  round  on  its  axis,  it  will  be  imme- 
diately evident,  that  the  circle  of  perpetuad  appari- 
tion is  that  parallel  of  declination  which  is  equal  to 
the  complement  of  the  given  latitude  northward ; 
and  for  the  perpetiml  occultation,  it  is  the  same  pa- 
rallel southward  ;  that  is  to  say,  in  other  words,  all 
those  stars  whose  declinations  exceed  the  co-latitude, 
will  always  be  visible,  or  above  the  horizon ;  and  all 
those  in  the  opposite  hemisphere,  whose  declination 
exceeds  the  co-latitude,  never  rise  above  the  horizon. 

For  instance ;  in  the  latitude  of  London  51  deg.  30 
min.  whose  co-latitude  is  38  deg.  30  min.  gives  the 
parallels  desired ;  for  all  those  stars  which  are  within 
the  circle,  towards  the  north  pole,  never  descend  be- 
low our  horizon  ;  and  all  those  stars  which  are  within 
the  same  circle,  about  the  south  pole,  can  never  be 
seen  in  the  latitude  of  London,  as  they  never  ascend 
above  its  horizon. 

OF  PROBLEMS  RELATING  TO  THE  AZIMUTH,  &C.  OF 
THE  SUN  AND  STARS. 

Problem  xx.  IJie  latitude  of  the  place  and  tJie  suns 
place  being  given,  to  find  the  suns  amplitude. 

That  degree  from  east  to  west  in  the  horizon,  where- 
in any  object  rises  or  sets,  is  called  the  amplitude. 


I 
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Rectify  the  globe,  and  bring  the  sun's  place  to  the 
eastern  side  of  the  meridian,  and  the  arch  of  the  hori-^ 
zon  intercepted  between  that  point  and  the  eastern 
point  will  be  the  sun's  amplitude  at  rising. 

If  the  same  point  be  brought  to  the  western  side  of 
the  horizon,  the  arch  of  the  horizon  intercepted  be- 
tween that  point  and  the  western  point,  will  be  the 
sun's  amplitude  at  setting. 

Thus,  on  the  24th  of  May  the  sun  rises  at  four, 
with  36  degrees  of  eastern  amplitude,-  that  is,  36  de- 
grees from  the  east  towards  the  north,  and  sets  at 
eight,  with  36  degrees  of  western  amplitude. 

The  amplitude  of  the  sun  at  rising  and  setting  in- 
creases with  the  latitude  of  the  place  ;  and  in  very 
high  northern  latitudes,  the  sun  scarce  sets  before  he 
rises  again.  Homer  had  heard  something  of  this, 
though  it  is  not  true  of  the  Lsestrygones,  to  whom  he 
applies  it : 

Six  days  and  nights  a  doubtful  course  we  steer;  "^ 

The  next,  proud  Lamos'  lofty  towers  appear,  > 

And  Lsstrygonia's  gates  arise  distinct  in  air.  j 

The  shepherd  quitting  here  at  night  the  plain, 

Calls,  to  succeed  his  cares,  the  watchful  sAvain. 

But  he  that  scorns  the  chains  of  sleep  to  wear, 

And  adds  the  herdsman's  to  the  shepherd's  care, 

So  near  the  pastures  and  so  short  the  way, 

His  double  toils  may  claim  a  double  pay,  ^ 

And  join  the  labours  of  the  night  and  day.  ^ 


I 


Problem  xxi.     To  find  the  sun's  altitude  at  any 
given  time  of  the  day. 

Set  the  centre  of  the  artificial  sun  to  his  place  in 
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the  ecliptic  upon  the  globe,  and  rectify  it  to  the  la- 
titude and  zenith ;  bring  the  centre  of  the  artificial 
sun  under  the  strong  brass  meridian,  and  set  the  hour 
index  to  that  XII  which  is  most  elevated  ;  turn  the 
globe  to  the  given  hour,  and  move  the  graduated  edge 
of  the  quadrant  to  the  centre  of  the  artificial  sun  ; 
and  that  degree  on  the  quadrant,  which  is  cut  by  the 
sun's  centre,  is  the  sun's  height  at  that  time. 

The  artificial  sun  being  brought  under  the  strong 
brass  meridian,  and  the  quadrant  laid  upon  its  centre, 
will  shew  its  meridian,  or  greatest  altitude  for  that  day. 

If  the  sun  be  in  the  equator,  his  greatest  or  meri- 
dian altitude  is  equal  to  the  elevation  of  the  equator, 
which  is  always  equal  to  the  co-latitude  of  the  place. 

Thus,  on  the  24th  of  May,  at  nine  o'clock,  the  sun 
has  44  deg.  altitude,  and  at  six  in  the  afternoon  20 
degrees. 

OF   THE    AZIMUTHAL    OR    VERTICAL    CIRCLES. 

The  vertical  point,  that  is,  the  uppermost  point  of 
the  celestial  globe,  represents  a  point  in  the  heavens, 
directly  over  our  heads,  which  is  called  our  zenith. 

From  this  point  circular  lines  may  be  conceived 
crossing  the  horizon  at  right  angles. 

These  are  called  azimuth  or  vertical  circles.  That 
one  which  crosses  the  horizon  at  10  degrees  distance 
from  the  meridian  on  either  side  is  called  an  azimuth 
circle  of  10  deg. ;  that  which  crosses  at  20  is  called  an 
azimuth  of  20  degrees. 

The  azimuth  of  90  deg.  is  called  the  prime  verti- 
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cat :  it  crosses  the  horizon  at  the  eastern  and  western 
points. 

Any  azimuth  circle  may  be  represented  by  the  gra- 
duated edge  of  the  brass  quadrant  of  altitude  when 
the  centre  upon  which  it  turns  is  screwed  to  that 
point  of  the  strong  brass  meridian  which  answers  to 
the  latitude  of  the  place,  and  the  place  is  brought 
into  the  zenith. 

If  the  said  graduated  edge  should  he  over  the  sun's 
centre  or  place,  at  any  given  time,  it  will  represent 
the  sun's  azimuth  at  that  time. 

If  the  graduated  edge  be  fixed  at  any  point,  so  as 
to  represent  any  particular  azimuth,  and  the  sun's 
place  be  brought  there,  the  horary  index  will  shew  at 
what  time  of  that  day  the  sun  will  be  in  that  parti- 
cular azimuth. 

Here  it  may  be  observed,  that  the  amplitude  and 
azimuth  are  much  the  same. 

The  amplitude  shewing  the  bearing  of  any  object 
when  it  rises  or  sets,  from  the  east  and  west  points  of 
the  horizon. 

The  azimuth  the  bearing  of  any  object  when  it  is 
above  the  horizon,  either  from  the  north  or  south 
points  thereof.  1  hese  descriptions  and  illustrations 
being  understood  we  may  proceed  to 

Problem  xxii.  Tojind  at  what  time  the  sun  is  due 
easty  the  day  and  the  latitude  being  given. 

Rectify  the  globe ;  then  if  the  latitude  and  decli* 
nation  are  of  one  kind,  bring  the  quadrant  of  alti- 
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tude  to  the  eastern  point  of  the  horizon,  and  the 
sun's  j)lace  to  the  edge  of  the  quadrant,  and  the  in- 
dex will  shew  the  hour. 

If  the  latitude  and  decHnation  are  of  different 
kinds,  bring  the  quadrant  to  the  western  point  of  the 
horizon,  and  the  point  in  the  ecliptic  opposite  to  the 
sun  s  place  to  the  edge  of  the  quadrant,  and  then  the 
index  will  shew  the  hour. 

You  will  easily  comprehend  the  reason  of  the  fore- 
going distinction,  because  when  the  sun  is  in  the 
equinoctial,  it  rises  due  east ;  but  when  it  is  in  that 
part  of  the  ecliptic  which  is  towards  the  elevated  pole, 
it  rises  before  it  is  in  the  eastern  vertical  circle,  and  is 
therefore  at  that  time  above  the  horizon :  whereas, 
when  it  is  in  the  other  part  of  the  ecliptic,  it  passes  the 
eastern  prime  vertical  before  it  rises,  that  is,  below 
the  horizon ;  whence  it  is  evident,  that  the  opposite 
point  of  the  ecliptic  must  then  be  in  the  west,  and 
above  the  horizon.  The  sun  is  due  east  at  London  at 
7  h.  6  min.  on  the  18th  of  May.  The  second  of  Aug. 
at  Cape  Horn,  the  sun  is  due  east  at  5  h.  10  min. 

Problem  xxiii.  Tojind  the  rising,  setting,  and 
culminating  of  a  star,  its  continuance  above  the  ho- 
rizon, and  its  oblique  ascension  and  descension,  and 
also  its  eastern  and  western  amplitude,  for  any  given 
day  and  place, 

1.  Rectify  the  globe  to  the  latitude  and  zenith, 
bring  the  sun  s  place  for  the  day  to  the  meridian, 
and  set  the  hour  index  to  XII.     2.  Bring  the  star 
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to  the  eastern  side  of  the  horizon^  and  its  eastern 
amphtude,  obhque  ascension,  and  time  of  rising,  will 
be  found  as  taught  of  the  sun.  3 ,  Carry  the  star  to 
the  western  side  of  the  horizon ;  and  in  the  same 
manner  its  western  amphtude,  obhque  descension, 
and  time  of  setting,  will  be  found.  4.  1  he  time  of 
rising,  subtracted  from  that  of  setting,  leaves  the  con- 
tinuance of  the  star  above  the  horizon.  5.  This  re- 
mainder, subtracted  from  24  hours,  gives  the  time  of 
its  continuance  below  the  horizon.  6.  The  hour  to 
which  the  index  points,  when  the  star  comes  to  the 
meridian,  is  the  time  of  its  culminating  or  being  on 
the  meridian. 

Let  the  given  day  be  March  1 4,  the  place  London, 
the  star  Sirius;  by  working  the  problem  you  will  find 

It  rises  at         -         -     2  h.  24  min.  afternoon. 

Culminates  at  -         -     6       57 

Sets  at    -         -         -   1 1        50 

Is  above  the  horizon        9         6 

Its  obhque  ascension  and  descension  are  120''  47', 
and  77^  15^ ;  its  amplitude  27°  southward. 

Problem  xxiv.  The  latitude,  the  altitude  of  the 
sun  by  day,  or  of  a  star  hy  night,  being  given,  tojind 
the  hour  of  the  day,  and  the  sun  or  star's  azimuth. 

Rectify  the  globe  for  the  latitude,  the  zenith,  and 
the  sun's  place,  turn  the  globe  and  the  quadrant  of 
altitude,  so  that  the  sun  s  place,  or  the  given  star, 
may  cut  the  given  degree  of  altitude,  the  index  will 
shew  the  hour,  and  the  quadrant  will  be  the  azimuth 
in  the  horizon. 
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Thus,  on  the  21st  of  August,  at  London,  when  the 
5un*s  altitude  is  36^  in  the  forenoon,  the  hour  is  IX, 
and  the  azimuth  58°  from  the  south. 

At  Boston,  December  8th,  when  Rigel  had  15* 
of  altitude,  the  hour  was  VIII,  the  azimuth  S.  E.  hj 
E.  7^ 


Problem  xxv.  The  latitude  and  hour  of  the  day 
heing  given,  tojind  the  altitude  and  azimuth  of  the 
sun,  or  of  a  star. 

Rectify  the  globe  for  the  latitude,  the  zenith,  and 
the  sun's  place,  then  the  number  of  degrees  con- 
tained betwixt  the  sun's  place  and  the  vertex  is  the 
sun's  meridional  zenith  distance;  the  complement 
of  which  to  90  deg.  is  the  sun  s  meridian  altitude.  If 
you  turn  the  globe  about  until  the  index  points  to 
any  other  given  hour,  then  bringing  the  quadrant 
of  altitude  to  cut  the  sun's  place,  you  will  have  the 
sun's  altitude  at  that  hour ;  and  where  the  quadrant 
cuts  the  horizon,  is  the  sun's  azimuth  at  the  same 
time.  Thus,  May  the  first,  at  London,  the  sun's 
meridian  altitude  will  be  534^  degrees ;  and  at  10 
o'clock  in  the  morning,  the  sun's  altitude  will  be  46 
degrees,  and  his  azimuth  about  44  degrees  from  the 
south  part  of  the  meridian.  On  the  2d  of  Decem- 
ber, at  Rome,  at  five  in  the  morning,  the  altitude 
of  Capella  is  41.  deg.  58  min.  its  azimuth  60  deg. 
60  min.  from  N.  to  W. 
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Problem  xxvi.  The  latitude  of  the  place,  and 
the  day  of  the  month  being  given,  to  find  the  depres- 
sion of  the  sun  below  the  horizon,  and  the  azimuth, 
at  any  hour  of  the  night. 

Having  rectified  the  globe  for  the  latitude,  the 
zenith^  and  the  sun's  place^,  take  a  point  in  the  eclip- 
tic exactly  opposite  to  the  sun's  place,  and  find  the 
sun's  altitude  and  azimuth,  as  by  the  last  problem, 
and  these  will  be  the  depression  and  the  altitude  re- 
quired. 

Thus,  if  the  time  given  be  the  first  of  Novem- 
ber, at  10  o'clock  at  night,  the  depression  and  azi- 
muth w^ill  be  the  same  as  was  found  in  the  last 
problem. 

Problem  xxvii.  The  latitude,  the  smis  place, 
and  his  azimuth  being  given,  to Jind  his  altitude,  and 
the  hour. 

Rectify  the  globe  for  the  latitude,  the  zenith,  and 
the  sun's  place  ;  then  put  the  quadrant  of  altitude  to 
the  sun's  azimuth  in  the  horizon,  and  turn  the  globe 
till  the  sun's  place  meets  the  edge  of  the  quadrant ; 
then  the  said  edge  will  shew  the  altitude,  and  the  in- 
dex point  to  the  hour. 

Thus,  May  2 1  st,  at  London,  when  the  sun  is  due 
east,  bis  altitude  will  be  about  24  deg.  and  the  hour 
about  VII  in  the  morning ;  and  when  his  azimuth  is 
6o  deg.  south-westerly,  the  altitude  will  be  about 
44  ~  deg.  and  the  hour  1 1 1^  in  the  afternoon. 

z 
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Thus  the  latitude  and  the  day  being  known,  and 
having,  besides,  either  the  latitude,  the  azimuth,  or 
the  hour,  the  other  two  may  be  easily  found. 

Problem  j^xviii.  The  latitude  of  the  place,  and 
the  azimuth  of  the  sitn  or  of  a  star  being  given,  to 
find  the  hour  of  the  day  or  night. 

Rectify  the  globe  for  the  latitude  and  sun's  place, 
and  bring  the  quadrant  of  altitude  to  the  given  azi- 
muth in  the  horizon  ;  turn  the  globe  till  the  sun  or 
star  comes  to  the  quadrant,  and  the  index  will  shew 
the  time.  Nov.  5,  at  Gibraltar,  given  the  suns 
azimuth  50  degrees  from  the  south  towards  the  east, 
the  time  you  will  find  to  be  half-past  VIII  in  the 
morning.  Given  the  azimuth  of  Vega  at  London, 
b^  degrees  from  the  north  towards  the  east,  Febru- 
ary the  8th,  the  time  you  will  find  twenty  minutes 
past  II  in  the  morning. 

But  as  it  may  possibly  happen  that  we  may  see 
a  star,  and  would  be  glad  to  know  what  star  it  is, 
or  whether  it  may  not  be  a  new  star,  or  a  comet ; 
how  that  may  be  discovered,  will  be  seen  under 
the  following 

Problem  xxix.  The  latitude  of  the  place,  the 
sun's  place,  the  hour  of  the  night,  and  the  altitude 
and  azimuth  of  any  star  being  given,  to  find  the  star. 

Rectify  the  globe  for  the  latitude  of  the  place,  and 
the  sun's  place ;  fix  the  quadrant  of  altitude  in  the 
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zenith,  and  turn  the  globe  till  the  hour  index  points 
to  the  given  hour,  and  set  the  quadrant  of  altitude  to 
the  given  azimuth ;  then  the  star  that  cuts  the  qua- 
drant in  the  given  altitude;  will  be  the  star  sought. 

Though  two  stars,  that  have  different  right  as- 
censions, will  not  come  to  the  meridian  at  the  same 
time,  yet  it  is  possible  that  in  a  certain  latitude  they 
may  come  to  the  same  vertical  circle  at  the  same  time; 
and  that  consideration  gives  the  following 

Problem  xxx.  The  latitude  of  the  place,  the 
suTLS  place,  and  two  stars  that  have  the  same  azi^ 
muthy  being  given,  tojind  the  hour  of  the  night. 

Rectify  the  globe  for  the  latitude,  the  zenith,  and 
the  sun's  place ;  then  turn  the  globe,  and  also  the 
quadrant  about,  till  both  the  stars  coincide  with  its 
edge ;  the  hour  index  will  shew  the  hour  of  the  night, 
and  the  place  where  the  quadrant  cuts  the  horizon, 
will  be  the  common  azimuth  of  both  stars. 

On  the  1 5th  of  March,  at  London,  the  star  Be- 
telgeule,  in  the  shoulder  of  Orion,  and  Kegel,  in  the 
heel  of  Orion,  were  observed  to  have  the  same  azi- 
muth ;  on  working  the  problem,  you  will  find  the 
time  to  be  8  hours  47  minutes. 

What  hath  been  observed  above,  of  two  stars  that 
have  the  same  azimuth,  will  hold  good  likewise  of 
two  stars  that  have  the  same  altitude ;  from  whence 
we  have  the  following: 


.2  2 
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Problem  xxxi.  The  latitude  of  the  place,  the 
sun's  place,  and  two  stars,  that  have  the  same  alti- 
tude, being  given  i  to  find  the  hour  of  the  night. 

Rectify  tlie  globe  for  the  latitude  of  the  place,  the 
zenith,  and  the  sun's  place ;  turn  the  globe,  so 
that  the  same  degree  on  the  quadrant  shall  cut  both 
stars,  then  the  hour  index  will  shew  the  hour  of  the 
night. 

In  the  former  propositions,  the  latitude  of  the 
place  is  supposed  to  be  given,  or  known ;  but  as  it 
is  frequently  necessary  to  find  the  latitude  of  the 
place,  especially  at  sea,  how  this  may  be  found,  in 
a  rude  manner  at  least,  having  the  time  given  by  a 
oQod  clock  or  watch,  will  be  seen  in  the  following 


Problem  xxxii.  The  suns  place,  the  hour  of  the 
night,  and  two  stars,  that  have  the  same  azimuth  or 
altitude,  being  given,  to  find  the  latitude  of  the 
place* 

Rectify  the  globe  for  the  sun's  place,  and  turn  it 
till  the  index  points  to  the  given  hour  of  the  night ; 
keep  the  globe  from  turning,  and  move  it  up  and 
down  in  the  notches,  till  the  two  given  stars  have  the 
same  azimuth,  or  altitude  ;  then  the  brass  meridian 
will  shew  the  height  of  the  pole,  and  consequently 
the  latitude  of  the  place. 
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Problem  xxxiir.  Two  stars  being  given,  one  on 
the  meridian,  and  the  other  on  the  east  or  west  part 
of  the  horizon,  to  find  the  latitude  of  the  place. 

Bring  the  star  observed  on  the  meridian  to  the  me- 
ridian of  the  globe ;  then,  keeping  the  globe  from 
turning  round  its  axis,  slide  the  meridian  up  and 
down  in  the  notches,  till  the  other  star  is  brought 
to  the  east  or  west  part  of  the  horizon,  and  that  ele- 
vation of  the  pole  will  be  the  latitude  of  the  place 


sought. 


Observation.  From  what  hath  been  said,  it 
appears,  that  of  these  five  things,  1 .  the  latitude  of 
the  place  ;  2.  the  sun  s  place  in  the  ecliptic ;  3.  the 
hour  of  the  night ;  4.  the  common  azimuth  of  two 
known  fixed  stars;  5.  the  equal  altitude  of  two  known 
fixed  stars  ; — any  three  of  them  being  given,  the  re- 
maining two  will  easily  be  found. 

There  are  three  sorts  of  risings  and  settings  of  the 
fixed  stars,  taken  niotice  of  by  the  ancient  authors, 
and  commonly  called  poetical  risings  and  settings, 
because  mostly  taken  notice  of  by  the  poets. 

These  are  the  cosmical,  achronical,  and  heliacal.^ 

They  are  to  be  found  in  most  authors  that  treat 
on  the  doctrine  of  the  sphere,  and  are  now  chiefly 
used  in  comparing  and  understanding  passages  in 
the  ancient  writers ;  such  as  Hesiod,   Virgil,  Colu- 

*  CoHanVs  History  of  Astronomy. 
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mellay  Ovid,  Pliny,  &c.  How  they  are  to  be  found 
by  calculation,  may  be  seen  in  Petavius*s  Uranolo- 
gion^  and  Dr.  Gregorys  Astronomy. 

Definition,     ff^hen  a  star  rises  or  sets  at  sun- 
rising,  it  is  said  to  rise  or  set  cosmically. 


From  whence  we  shall  have  the  following 


Problem  xxxiv.  The  latitude  of  the  place  being 
given,  tojind,  by  the  globe,  the  time  of  the  year 
when  a  given  star  rises  or  sets  cosmically. 

Let  the  given  place  be  Rome,  whose  latitude  is  42 
deg.  8  m .  north  ;  and  let  the  given  star  be  the  Lu- 
cida  Pleiadum.  Rectify  the  globe  for  the  latitude 
of  the  place ;  bring  the  star  to  the  edge  of  the 
eastern  horizon,  and  mark  the  point  of  the  ecliptic 
rising  along  with  it ;  that  will  be  found  to  be  Taurus, 
18  deg.  opposite  to  which,  on  the  horizon,  will  be 
found  May  the  8th.  The  Lucida  Pleiadum,  there- 
fore, rises  cosmically  May  the  8th. 

If  the  globe  continue  rectified  as  before^  and 
the  Lucida  Pleiadum  be  brought  to  the  eiS.^e  of  the 
western  horizon^  the  point  of  the  ecliptic,  which  is 
the  sun's  place,  then  rising  on  the  eastern  side  of  the 
horizon,  will  be  Scorpio,  29  deg.  opposite  to  which, 
on  the  horizon,  will  be  found  November  the  21st. 
The  Lucida  Pleiadum^  therefore,  sets  cosmically  No- 
vember the  21st. 
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In  the  same  manner,  in  the  latitude  of  London, 
Sirius  will  be  found  to  rise  cosmically  Aug.  the  10th, 
and  to  set  cosmically  Nov.  the  10th. 

It  is  of  the  cosmical  setting  of  the  Pleiades,  that 
Virgil  is  to  be  understood  in  this  line,   , 

Ante  tibi  Eoae  Allantides  abseondantur,* 

and  not  of  their  setting  in  the  east,  as  some  have 
imagined,  where  stars  rise,  but  never  set. 

Definition.     When  a  star  rises  or  sets  at  sun 
setting,  it  is  said  to  rise  or  set  achronically. 

Hence,  likewise,  we  have  the  following 


Problem  xxxv.  The  latitude  of  the  place  being 
given,  tojindthe  time  of  the  year  when  a  given  star 
will  rise  or  set  achronically. 

Let  the  given  place  be  Athens,  whose  latitude 
is  37  degrees  north,  and  let  the  given  star  be  Arc- 
turus. 

Rectify  the  globe  for  the  latitude  of  the  place,  and 
bringing  Arcturus  to  the  eastern  side  of  the  horizon, 
mark  the  point  of  the  ecliptic  then  setting  on  the 
western  side ;  that  will  be  found  Aries,  1 2  deg.  op- 
posite to  which,  on  the  horizon,  will  be  found  April 
the  2d.  Therefore  Arcturus  rises  at  Athens  achroni- 
cally April  the  2d. 

*  Georg.  1.  i.  V.  221. 
Z4 
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It  is  of  this  rising  of  Arcturus  that  Hedod  speak* 
in  his  Opera  and  Dies.* 

When  from  the  solstice  sixty  winf  ry  days 

Their  turns  have  fmisU'd,  mark,  with  glitt'ring  rays, 

From  ocean's  sacred  flood,  Arcturus  rise, 

Then  first  to  gild  the  dusky  evening  skies. 

If  the  globe  continues  rectified  to  the  latitude  of 
the  place,  24  before,  and  Arcturus  be  brought  to  the 
western  side  of  the  horizon,  the  point  of  the  ecliptic 
setting  along  with  it  will  be  Sagittary,  7  degrees  op- 
posite to  which,  on  the  horizon,  will  be  found  No- 
vember the  29th.  At  Athens,  therefore,  Arcturus 
sets  achronically  November  the  29th. 

In  the  same  manner  Aldebaran,  or  the  Bull's  Eye, 
will  be  found  to  rise  achronically  May  the  2 2d,  and 
to  set  achronically  December  the  19th. 

Definition.  JVhena  star  becomes  visible  in  a 
morning,  after  it  hath  been  so  near  the  sunns  to  be 
hid  by  the  splendour  of  his  rays,  it  is  said  to  rise 
heliacally. 

But  for  this  there  is  required  some  certain  depres- 
sion of  the  sun  below  the  horizon,  more  or  less,  ac- 
cording to  the  magnitude  of  the  star.  A  star  of  the 
first  magnitude  is  commonly  supposed  to  require 
that  the  sun  be  depressed  12  degrees  perpendicularly 
below  the  horizon. 

This  being  premised,  we  have  the  following 

*  Lib  ij.  Ter.  285. 
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Problem  xxxvi.  7  fie  latitude  of  the  place  being 
given,  tojind  the  time  of  the  year  ichen  a  given  star 
will  rise  heliacally. 

Let  the  given  place  be  Rome,  whose  latitude  is 
42  degrees  north,  and  let  the  given  star  be  the  bright 
star  in  the  Bull's  Horn. 

Rectify  the  globe  for  the  latitude  of  the  place, 
screvs^  on  the  brass  quadrant  of  altitude  in  its  zenith, 
and  turn  it  to  the  western  side  of  the  horizon.  Brins" 
'  the  star  to  the  eastern  side  of  the  horizon^  and  mark 
what  degree  of  the  ecliptic  is  cut  by  1 2  degrees, 
marked  on  the  quadrant  of  altitude ;  that  will  be 
found  to  be  Capricorn,  3  deg.  the  point  opposite  to 
which  is  Cancer,  3  deg.  and  opposite  to  this  will  be 
found  on  the  horizon,  June  25tli.  The  bright  star, 
therefore,  in  the  Bull's  Horn,  in  the  latitude  of  Rome, 
rises  heliacally  June  25th. 

These  kinds  of  risings  and  settings  are  not  only 
mentioned  by  the  poets,  but  likewise  by  the  ancient 
physicians  and  historians. 

Thus  Hippocrates,  in  his  book  De  .^re,  says, 
*^  One  ougjit  to  observe  the  heliacal  risings  and  set- 
tings of  the  stars,  especially  the  Dog-Star,  and  jirc- 
turns ;  likewise  the  cosmical  setting  of  the  Pleiades.'" 

And  Polyhius,  speaking  of  the  loss  of  the  Roman 
fleet,  in  the  first  Punic  war,  says,  "  It  was  not  so 
much  owing  to  fortune,  as  to  obstinacy  of  the  con- 
suls, in  not  hearkening  to  their  pilots,  who  dis- 
suaded them  from  putting  to  sea  at  that  season  of 
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the  year,  which  was  between  the  rising  of  Orion  and 
the  Dog-star ;  it  being  always  dangerous,  and  sub- 
ject to  storms."* 


Definition.  IVhen  a  star  is  first  immersed  in 
the  evening,  or  hid  by  the  suns  rays,  it  is  said  to 
set  heliacatly. 

And  this  again  is  said  to  be,  when  a  star  of  the 
first  magnitude  comes  within  tweh^e  degrees  of  the 
sun,  reckoned  in  the  perpendicular. 

Hence,  again,  we  have  the  following 


Problem  XXXVII.  The  latitude  of  the  place  he- 
ing  given,  to  find  the  time  of  the  year  when  a  given 
star  sets  heliacally' 

Let  the  given  place  be  Rome,  in  latitude  42  de^, 
north,  and  let  the  given  star  be  the  bright  star  in  the 
Bull's  Horn.  Rectify  the  globe  for  the  latitude  of 
the  place,  and  bring  the  star  to  the  edge  of  the  wes- 
tern horizon  ;  turn  the  quadrant  of  altitude,  till  12 
deg.  cut  the  ecliptic  on  the  eastern  side  of  tlie  me- 
ridian. This  will  be  found  to  be  7  deg.  of  Sagittary, 
the  point  opposite  to  which,  in  the  ecliptic,  is  7  deg. 
of  Gemini ;  and  opposite  to  that,  on  the  horizon,  is 
May  the  28th,  the  time  of  the  year  when  that  sets 
heliacally  in  the  latitude  of  Rome. 

*  Lib.  i.  p.  53. 
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OF  THE    CORRESPONDENCE    OF    THE    CELESTIAL    AND 
TERRESTRIAL    SPHERES.* 

That  the  reader  may  thoroughly  understand  what 
is  meant  by  the  correspondence  between  the  two 
spheres,  let  him  imagine  the  celestial  globe  to  be  de- 
lineated upon  glass,  or  any  other  transparent  matter, 
which  shall  invest  or  surround  the  terrestrial  globe^ 
but  in'  such  a  manner,  that  either  may  be  turned 
about  upon  the  poles  of  the  globe,  while  the  other 
remains  fixed  ;  and  suppose  the  first  point  of  Aries, 
on  the  investing  globe,  to  be  placed  on  the  first 
point  of  Aries,  on  the  terrestrial  globe  (which  point 
is  in  the  meridian  of  London),,  then  every  star  in  the 
celestial  sphere  will  be  directly  over  those  places  to 
which  it  is  a  correspondent.  Each  star  will  then  have 
the  degree  of  its  right  ascension  directly  upon  the 
corresponding  degree  of  terrestrial  longitude ;  their 
declination  will  also  be  the  same  with  the  latitude 
of  the  places  to  which  they  answer ;  or,  in  other 
words,  when  the  declination  of  a  star  is  equal  to  the 
latitude  of  a  place,  such  star,  within  the  space  of  24 
hours,  will  pass  vertically  over  that  place,  and  all 
others  that  have  the  same  latitude. 

If  we  conceive  the  celestial  investing  globe  to  be 
fixed,  and  the  terrestrial  globe  to  be  gradually 
turned  from  west  to  east,  it  is  clear,  that  as  the  me- 
ridian of  London  passes  from  one  degree  to  another, 

*  Adamses  Treatise  on  the  Globes. 
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under  the  investing  sphere,  every  star  in  the  celes- 
tial sphere  becomes  correspondent  to  another  place 
upon  the  earth,  and  so  on,  until  the  earth  has  com- 
pleted one  diurnal  revolution ;  or  till  all  the  stars, 
by  their  apparent  daily  motion,  have  passed  over 
every  meridian  of  the  terrestrial  globe.  From  this 
view  of  the  subject,  an  amazing  variety,  uniting  in 
wonderful  and  astonishing  harmony,  presents  itself 
to  the  attentive  reader  ;  and  future  ages  will  find  it 
difficult  to  investigate  the  reasons  that  should  induce 
the  present  race  of  astronomers  to  neglect  a  subject 
so  highly  interesting  to  science,  even  in  a  practical 
view,  but  which  in  theory  would  lead  them  into  more 
publime  speculations,  than  any  that  ever  yet  present- 
ed themselves  to  their  minds. 


A  GENERAL  DESCRIPTION  OF  THE  PASSAGE  OF  THE 
STAR  MARKED  7  IN  THE  HEAD  OF  THE  CONSTEL- 
LATION   DRACO,  OVER   THE    PARALLEL  OF  LONDON. 

The  star  7,  in  the  head  of  the  constellation  Dra- 
co, having  5 1  deg.  32  min.  north  declination,  equal 
to  the  latitude  of  London,  is  the  correspondent  star 
thereto.  To  find  the  places  which  it  passes  over,  bring 
London  to  the  graduated  side  of  the  brass  meridian, 
and  you  will  find  that  the  degree  of  the  meridian  over 
London,  and  the  representative  of  the  star,  passes 
over  from  London,  the  road  to  Bristol,  crosses  the 
Severn,  the  Bristol  channel,  the  counties  of  Cork 
and  Kerry,  in  Ireland ;  the  north  part  of  the  Atlan- 
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tic  ocean,  the  Streights  of  Belleisle,  New  Britain,  the 
north  part  of  the  province  of  Canada,  New  South 
Wales,  tlie  southern  part  of  Kamschafka ;  thence 
over  different  Tartarian  nations,  several  provinces  of 
Russia,  over  Poland,  part  of  Germany,  the  southern 
part  of  the  United  Provinces ;  then,  crossing  the 
sea,  it  arrives  again  in  the  meridian  of  London. 

When  the  said  star,  or  any  other  star,  is  on  the 
meridian  of  London,  or  any  other  meridian,  all  other 
stars,  according  to  their  declination  and  right  ascen- 
sion, and  difference  of  right  ascension  (which  an- 
swers to  terrestrial  latitude,  longitude,  and  difference 
of  longitude),  will,  at  the  same  time,  be  on  such 
meridians,  and  vertical  to  such  places  as  corres- 
pond in  latitude,  longitude,  and  difference  of  lon- 
gitude, with  the  declination,  &c.  of  the  respectiv^e 
stars.* 

From  the  stars,  therefore,  thus  considered,  we 
attain  a  copious  field  of  geographical  knowledge,  and 
may  gain  a  clear  idea  of  the  proportionable  distances,, 
and  real  bearings,  of  remote  empires,  kingdoms,  and 
provinces,  from  our  own  zenith,  at  the  same  instant 
of  time  ;  which  may  be  found  in  the  same  manner 
as  we  found  the  place  to  which  the  sun  was  vertical 
at  any  proposed  time. 

Many  instances  of  this  mode  of  attaining  geogra- 
phical knowledge,  may  be  found  in  my  father's  trea- 
tise on  the  globes. 


*  Fairman^s  Geography. 
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OF  THE  USE  OF  THE  CELESTIAL  GLOBE,  IN  PROBLEMS 
RELATIVE  TO  THE  PLANETS. 

The  situation  of  the  fixed  stars  being  always  the 
same  with  respect  to  one  anotlier,  they  have  their 
proper  places  assigned  to  them  on  the  globe. 

But  to  the  planets  no  certain  place  can  be  assigned, 
their  situation  always  varying. 

That  space  in  the  heavens^  within  the  compass  of 
which  the  planets  appear,  is  called  the  zodiac. 

The  latitude  of  the  planets  scarce  ever  exceeding 
8  degrees,  the  zodiac  is  said  to  reach  about  8  de- 
grees on  each  side  the  ecliptic. 

Upon  the  celestial  globe,  on  each  side  of  the  eclip- 
tic, are  drawn  eight  parallel  circles,  at  the  distance 
of  one  degree  from  each  other,  including  a  space  of 
1 6  degrees;  these  are  crossed  at  right  angles,  with 
segments  of  great  circles  at  every  5  th  degree  of  the 
ecliptic;  by  these,  the  place  of  a  planet  on  the 
globe,  on  any  given  day,  may  be  ascertained  with 
accuracy. 


Problem  xxxviii.  TojinA  the  place  of  any  pla- 
net upon  the  globe,  and  by  that  means  to  find  its 
place  in  the  heavens,  also,  to  find  at  what  hour  any 
planet  will  rise  or  set,  or  be  on  the  meridian,  on  any 
day  in  the  year. 

Rectify  the  globe  to  the  latitude  and  sun's  place, 
then  find  the  planet's  longitude  and  latitude  in  an 
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ephemeris,  and  set  the  graduated  edge  of  the  move- 
able meridian  to  the  given  longitude  in  the  echptic, 
and  counting  so  many  degrees  amongst  the  parallels 
in  the  zodiac,  either  above  or  below  the  ecliptic,  as 
her  latitude  is  north  or  south  ;  and  set  the  centre  of 
the  artificial  sun  to  that  point,  and  the  centre  will 
represent  the  place  of  the  })lanet  for  that  time. 

Or  fix  the  quadrant  of  altitude  over  the  pole  of  the 
ecliptic,  and  holding  the  globe  fast,  bring  the  edge 
of  the  quadrant  to  cut  the  given  degree  of  longitude 
on  the  ecliptic ;  then  seek  the  given  latitude  on 
the  quadrant,  and  the  place  under  it  is  the  point 
sought 

While  the  globe  moves  about  its  axis,  this  point 
moving  along  with  it  will  represent  the  planet's  mo- 
tion in  the  heavens.  If  ike  planet  be  brought  to  the 
eastern  side  of  the  horizon,  the  horary  index  will  shew 
the  time  of  its  rising.  If  the  artificial  sun  is  above 
the  horizon,  the  planet  will  not  be  visible :  when  the 
planet  is  under  the  strong  brass  meridian,  the  hour 
index  shews  the  time  it  will  be  on  that  circle  in  the 
heavens :  when  it  is  at  the  western  edge,  the  time  of 
its  setting  will  be  obtained. 


Problem  xxxix.  To  find  directly  the  planets 
wJiich  are  affove  the  horizon  at  sun-set^  upon  any 
given  day  or-  latitude. 

Find  the  sun's  place  for  the  given  day,  bring  it  to 
the  meridian,  set  the  hour  index  to  XII,  and  elevate 
the  pole  for  the  given  latitude  :  then  bring  the  place 
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of  the  sun  to  the  western  semicircle  of  the  horizon, 
and  observe  what  signs  are  in  that  part  of  the  echp* 
tic  above  the  horizon,  then  cast  your  eye  upon  the 
ephemeris  for  that  month,  and  you  will  at  once  see 
what  planets  possess  any  of  those  elevated  signs  ;  for 
such  will  be  visible,  and  lit  for  observation  on  the 
night  of  that  day. 


Problem  xl.  To  find  the  right  ascemion,  dedi- 
natio7if  amplitude,  admuth,  altitude,  hour  of  tlw 
night,  &;c.  of  any  given  planet,  for  a  day  of  a  month 
and  latitude  given, 

Eectify  the  globe  for  the  given  latitude  and  day 
of  the  month ;  then  find  the  planet's  place^  as  be- 
fore directed^  and  then  the  right  ascension,  declina- 
tion, amplitude,  azimuth,  altitude,  hour,  &;c.  are  all 
found,  as  directed  in  the  problems  for  the  sun  ;  -there 
being  no  difference  in  the  process,  no  repetition  can 
be  necessary. 

OF   THE    USE    OF   THE    CELESTIAL    GLOBE,    IN    PRO- 
BLEMS   RELATIVE   TO    THE    MOON. 

From  the  sun  and  planets  we  now  proceed  to 
those  problems  that  concern  the  moon,  the  brilliant 
satellite  of  our  earth,  which  every  month  enriches 
it  with  its  presence ;  by  the  mildness  of  its  light 
softening  the  darkness  of  night ;  by  its  influence 
affecting  the  tide  ;  and  by  the  variety  of  its  aspects. 
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offering  to  our  view  some  very  remarkable  pheno- 
mena 

^•'  Soon  as  the  ev'ning  shades  prevail, 
The  moon  takes  up  the  wonderous  tale ; 
And,  nightly,  to  the  lisL'ning  earth, 
Repeats  the  story  of  her  birth  : 
Whilst  all  the  stars  that  round  her  burn, 
And  all  the  planets 'in  their  turn. 
Confirm  the  tidings  as  they  roll, 
And  spread  the  truth  from  pole  to  pole." 

As  the  orbit  of  the  moon  is  constantly  varying  in 
its  position,  and  the  place  of  the  node  always  chang- 
ing, as  her  motion  is  even  variable  in  every  part  of 
her  orbit,  the  solutions  of  the  problems  which  re- 
late to  her,  are  not  altogether  so  simple  as  those 
which  concern  the  sun. 

The  moon  increases  her  longitude  in  the  ecliptic 
every  day  about  13  deg.  10  min.  by  which  means  she 
crosses  the  meridian  of  any  place  about  50  min.  later 
than  she  did  the  preceding  day. 

Thus,  if  on  any  day  at  noon  her  place  (longitude) 
be  in  the  12th  deg.  of  Taurus,  it  will  be  13  deg. 
10  min.  more,  or  25  deg.  10  min.  in  Taurus  on  the 
succeeding  noon. 

It  is  new-moon  when  the  sun  and  moon  have  the 
same  longitude,  or  are  in  or  near  the  same  point  of 
the  ecliptic. 

When  they  have  opposite  longitudes,  or  are  in  op- 
posite points  of  the  ecliptic,  it  is  full-moon. 

To  ascertain  the  moon's  place  with  accuracy,  we 
must  recur  to  an  ephemeris  ;  but  as  even  in  most 
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ephemerides  the  moon  s  place  is  only  shewn  at  the 
beginning  of  each  day,  or  XII  o'clock  at  noon,  it 
becomes  necessary  to  supply,  by  a  table,  this  defi- 
ciency, and  assign  thereby  her  place  for  a»y  inter- 
mediate time. 

In  the  nautical  ephemeris,  pubhshed  under  the 
authority  of  the  Board  of  Longitude,  we  have  the 
moon's  place  for  noon  and  midnight,  with  rules  for 
accurately  obtaining  any  intermediate  time ;  but  as 
this  ephemeris  may  not  always  be  at  hand,  we  shall 
insert,  from  Mr.  3far tin's  Treatise  on  the  Globes,  a 
table  for  finding  the  hourly  motion  of  the  moon. 
In  order,  however,  to  use  this  table,  it  will'  be  ne- 
cessary, first,  to  find  the  quantity  of  the  moon  s  di- 
.  urnal  motion  in  the  ecliptic  for  any  given  day ;  for 
the  quantity  of  the  moon's  diurnal  motion  varies  from 
about  1 1  deg.  46'  min.  the  least,  to  15  deg.  l6  min. 
when  greatest. 

The  following  tables  are  calculated  from  the  least 
©f  1 1  deg.  46  min.  to  the  greatest  of  1 5  deg.  lb*  min. 
every  column  increasing  10  minutes;  upon  the  top 
of  the  column  is  the  quantity  of  the  diurnal  motion, 
and  on  the  side  of  the  table  are  the  24  hours  ;  by 
which  means  it  will  be  easy  to  find  what  part  of  the 
diurnal  motion  of  the  moon  answers  to-  any  given 
number  of  hours. 

Thus,  suppose  the  diurnal  motion  to  be  12°  32', 
look  on  the  top  column  for  the  number  nearest  to 
it,  which  you  will  find  to  be  12^  36\  in  the  sixth 
column  ;  and  under  it,  against  9  hours,  you  will  find 
4  deg.  43  min.  which  is  her  motion  in  the  ecliptic  in 
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the  space  of  9  hours  for  that  day.  The  quantity  of 
the  diurnal  motion  for  any  day  is  found  by  taking 
the  difference  between  it  and  the  preceding  day. 

Thus,  let  the  diurnal  motion  for  the  1 1th  of  May, 
1737,  be  required. 

signs,     deg.    min. 

On  the  1 1  th  of  May  her  place  was  -  11  2  35 
On  the  10th  of  May     -----     10     19     47 


The  diurnal  motion  sought     -     12     48 


[     372     1 

TABLES 

FOR    FINDING   THE    HOURLY    MOTION    OF   THE    MOON, 

AND   THEREBY    HER   TRUE    PLACE    AT 

ANY   TIME    OF   THE    DAY. 


TJBLE  I. 
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11  56 
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12  16 

12  26 

12  36 

12  46 
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1 
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0  32 

d.    m 

(/.  m. 

d.    m. 

0  29 
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0   30 

0  30 

0  31 

0  31 

0  32 

0  S3 

0  33 

0  34 

9, 

0  59 

1  0 

1  0 

1  1 

1  2 

I  S'6 

I  4 

1  5 

1  5 

1  6 

1  43 

.S 

1  28 

1  20 

1  31 

1  32 

1  53 

1  35 

1  36 

1  37 

1  38 

1  39 

1  41 

4 
5 

1  58 

2  27 

1  59 

2  ii9 

2  1 
2  31 

2  3 
2  34 

2  4 

2  36 

2  6 

2  37 

2  8 

2  9 

'2*42 

2  11 

2  13 

2  14 
2  48 

2  40 

2  44 

2  46 

f) 

2  67 

2  59 

3  1 

3  4 

3  6 

3  9 

3  11 

3  14 

3  16 

3  19 

3  21 

7 

3  26 

3  29 

3  32 

3  35 

3  38 

3  40 

3  43 

3  46 

3  49 

3  52 

-  3  55 

8 

3  65 

3  59 

4  28 

4  2 

4  6 

4  9 

4  12 
4  43 

4  15 

4  47 

4  19 

4  22 
4~65 

4  26 

4  20 
6  2 

4  26 

4  32 

4  36 

4  40" 

4  51 

4  68 

10 

4  54 

4  58 

5  3 

5  7 
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5  1 

6  19 

6  23 

5  27 

5  52 

5  56 

11 

5  24 

5  28 

5  33 

5  37 

5  42 

5  4 

5  51 

5  56 

6  0 

6  3 

6  9 

12 

5  53 
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6  8 

6  13 

6  18 
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6  28 
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6  38 

6  43 

IM 

6  22 
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6  33 

6  39 

6  44 

6  49 

6  55 

7  0 

7  6 

7  n 

7  17 

14 

6  62 

6  5H 

7  3 

7  9 

7  15 

7  21 

7  27 

7  Q3 

7  58 

7  44 

7  50 

T) 

7  21 

7  27 

7  34 

7  40 

7  46 

7  52 

7  59 

8  5 
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8  17 

8  24 

16 

VI 

7  51 

7  57 

8  4 

8  11 

8  17 

8  24 

8  31 

9  3 
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9  10 

8  44 

8  51 

8  57 

8  20 

8  27 

8  34 

8  41 

8  48 

8  55 

9  17 

9  24 

9  31 

18 

8  49 

8  57 

9  4 

9  12 

9  19 

9  27 

9  34 

9  42 

9  49 

9  67 

10  4 

19 

9  19 

9  26 

9  35 

9  43 

9  41 

9  68 

10  6 

10  14 
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10  30 

10  38 

20 
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9  56 
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11  19 
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11  36 

11  12 

21 
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11  27 
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11  6 
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12  10 
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11  36 

11  46 

11  55 
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12  35 

12  43 

12  52 

24 
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11  56 

12  6 

12  16 

12  26 

12  36 
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^ 

13  30 

13  40 

13  50 

14  6 

14  16 
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o 
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1 
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S 
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1  51 
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4 
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2  8 
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3  5 
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i>     o 
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3  9 

3  11 

6 
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3  9 

7 
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9 

4  3i? 
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4  39 
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0  Ob 
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10 
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7  27 

7  33 
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14 

7  56 
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8  19 
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8  54 

15 
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8  S6 
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8  49 
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17 
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10  20 
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The  moon's  path  may  be  represented  on  the  globe 
in  a  very  pleasing  manner^  by  tying  a  silken  line  over 
the  surface  of  the  globe  exactly  on  the  ecliptic  ;  then, 
finding  by  an  ephemeris  the  place  of  the  nodes  for 
the  given  time,  confine  the  silk  at  these  two  points, 
and  at  90  degrees  distance  from  them  elevate  the  line 
about  5 i  deg.  from  the  ecliptic,  and  depress  it  as 
much  on  the  other,  and  it  will  then  represent  the 
lunar  orbit  for  that  day. 

Problem  xli.     To  find  the  moorCs  place  in  the  ec- 
liptic  for  any  given  hour  of  the  day. 

You  should  be  provided  with  an  ephemeris,*  that 
will  give  the  moon's  latitude  and  place  in  the  eclip- 
tic :  first,  note  her  place  in  the  ecliptic  upon  the 
globe,  and  then  counting  so  many  degrees  amongst 
the  parallels  in  the  zodiac,  either  above  or  below 
the  ecliptic,  as  her  latitude  is  north  or  south  upon  the 
given  day,  and  that  will  be  the  point  which  repre- 
sents the  true  place  of  the  moon  for  that  time,  to 
which  apply  the  artificial  sun,  or  a  small  patch. 

Thus,  on  the  11th  of  May,  1787,  she  was  at 
noon  in  2  deg.  35  min.  of  Pisces,  and  her  latitude 
v/as  4  deg.  18  min. ;  but,  as  her  diurnal  motion  for 
that  day  is  12,  48  in  nine  hours,  she  will  have  passed 
over  4  deg.  47  min.  which,  added  to  her  place  at 
noon,  gives  7  h.  22  min.  for  her  place  on  the  11  th  of 
May,  at  nine  at  night. 

♦  The  Nautical  Almanack  is  the  best  English  ephemeri?.  White's 
Ephemeris  is  a  very  useful  manual.     Edit. 
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Problem  xlii.     To  find  the  moons  declination  for 
J  or  aiuj  given  day  or  hour. 

The  place  in  her  orbit  being  found  by  Prob.  xli, 
bring  it  to  the  brazen  meridian  ;  then  the  arc  of  the 
meridian  contained  between  it  and  the  equinoctial 
will  be  the  declination  soudit. 


Problem  xliii.  To  find  the  mooris  greatest  and 
least  meridian  altitudes  in  any  given  latitude^  that 
of  London,  for  example* 

It  is  evident^  this  can  liappen  only  when  the 
ascending  node  of  the  moon  is  in  the  vernal  equinox  ; 
for  then  her  greatest  meridian  altitude  will  be  5  deg. 
greater  than  that  of  the  sun,  and  therefore  about  6 J 
deg. ;  also^  her  least  meridian  altitude  will  be  5  deg, 
less  than  that  of  the  sun,  and  therefore  only  1 0  deg. ; 
there  will  therefore  be  5/  deg.  difference  in  the  me- 
ridian altitude  of  the  moon  ;  whereas  that  of  the  sun 
is  about  47  deg. 

N.B.  When  the  same  ascending  node  is  in  the 
autumnal  equinox,,  then  will  her  meridian  altitude 
differ  by  only  37  deg. ;  but  this  phenomenon  can 
separately  happen  but  once  in  the  revolution  of  a 
node,  or  once  in  the  space  of  1 9  years  :  and  it  will 
be  a  pleasant  entertainment  to  place  the  silken  line 
to  cross  the  ecliptic  in  the  equinoctial  points  alter- 
nately ;  for  then  the  reason  will  more  evidently  ap- 
pear, why  you  observe  the  moon  sometimes  with* 
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in  23  deg.  of  our  zenith,  and  at  other  times  not 
more  than  10  deg.  above  the  horizon,  when  she  is 
M\  south. 


Problem  xliv.      To  illustrate,  by  the  globe,  the  phe- 
nomena of  the  harvest  moon. 

About  the  time  of  the  autumnal  equinox,  when 
the  moon  is  at  or  near  the  full,  she  is  observed  to 
rise  almost  at  the  same  time  for  several  nijjhts  to- 
gether:  and  this  phenomenon  is  called  the  harvest 
moon* 

This  circumstance,  with  which  farmers  were  bet- 
ter acquainted  than  astronomers,  till  within  these 
few  years,  they  gratefully  ascribed  to  the  goodness 
of  God,  not  doubting  that  he  had  ordered  it  on  pur- 
pose to  give  them  an  immediate  supply  of  moon- 
light after  sun-set,  for  their  greater  convenience  in 
reaping  the  fruits  of  the  earth. 

In  this  instance  of  the  harvest  moon,  as  in  many 
others  discoverable  by  astronomy,  the  wisdom  and 
beneficence  of  the  Deity  is  conspicuous,  who  really 
so  ordered  the  course  of  the  moon,  as  to  bestow 
more  or  less  light  on  all  parts  of  the  earth,  as  their 
several  circumstances  and  seasons  render  it  more  or 
less  serviceable.* 

About  the  equator,  where  there  is  no  variety  of 
seasons,  moon-light  is  not  necessary  for  gathering  in 
the  produce  of  the  ground,  and  there  the  moon  rises 

*  Ferguson's  Astronomy. 
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about  50  minutes  later  every  day  or  ii%ht  than  on 
the  former.  At  considerable  distances  from  the 
equator^  where. the  weather  and  seasons  are  more 
uncertain,  the  autumnal  full-moon  rises  at  sun-set 
from  the  first  to  the  third  quarter.  At  the  poles, 
where  the  sun  is  for  half  a  year  absent,  the  winter 
moons  shine  constantly  without  setting,  from  the 
first  to  the  third  quarter. 

But  this  observation  is  still  further  confirmed, 
when  we  consider  that  this  appearance  is  only  pe- 
culiar with  respect  to  the  full-moon,  from  which 
only  the  farmer  can  derive  any  advantage  ;  for,  in 
every  other  month,  as  well  as  the  three  autumnal 
ones,  the  moon;'  for  several  days  together,  will 
vary  the  time  of  its  rising  very  little ;  but  then  in 
the  autumnal  months  this  happens  about  the  time 
when  the  moon  is  at  the  full :  in  the  vernal  months, 
about  the  time  of  new-moon  ;  in  the  winter  months, 
about  the  time  of  the  first  quarter ;  and  in  the  sum- 
mer months,  about  the  time  of  the  last  quarter. 

^hese  phenomena  depend  upon  the  different  an- 
gles made  by  the  horizon,  and  different  parts  of  the 
moon's  orbit,  and  that  the  moon  can  be  full  but 
once  or  twice  in  a  year,  in  those  parts  of  her  orbit 
which  rise  with  the  least  angles. 

The  moon's  motion  is  so  nearly  in  the  ecliptic, 
that  we  may  consider  her  at  present  as  moving 
iu  it.  ' 

The  different  parts  of  the  ecliptic,  on  account 
of  its  obliquity  to  the  earth's  axis,  make  very  dif- 


31S  PROBLEMS. 

ferent  angles  with  the  horizon  as  they  rise  or  set. 
Those  parts,  or  signs,  which  rise  with  the  smallest 
angles,  set  with  the  greatest,  and  vice  versa.  In 
equal  times,  whenever  this  angjle  is  least,  a  greater 
portion  of  the  ecliptic  rises  than  when  the  angle  is 
larger. 

This  may  be  seen  by  elevating  the  globe  to  any 
considerable  latitude,  and  then  turning  it  round  its 
axis  in  the  horizon. 

When  the  moon,  therefore,  is  in  those  signs 
w^hich  rise  or  set  with  the  smallest  angles,  she  will 
rise  or  set  with  the  least  difference  of  time ;  and  with 
the  orreatest  difference  in  those  signs  which  rise  or  set 
with  the  greatest  angles. 

Thus,  in  the  latitude  of  London,  at  the  time  of 
the  vernal  equinox,  when  the  sun  is  setting  in  the 
western  part  of  the  horizon,  the  ecliptic  then  makes 
an  angle  of  6*2  degrees  with  the  horizon ;  but  when 
the  sun  is  in  the  autumnal  equinox,  and  setting  in 
the  same  western  part  of  the  horizon,  the  ecliptic 
makes  an  angle  but  of  1 5  degrees  with  the  horizon  ; 
all  which  is  evident  by  a  bare  inspection  of  the 
globe  only. 

Again,  according  to  the  greater  or  less  inclina- 
tion of  the  ecliptic  to  the  horizon,  so  a  greater  or 
less  de<Tree  of  motion  of  the  orlobe  about  its  axis 
will  be  necessary  to  cause  the  same  arc  of  the  eclip- 
tic to  pas  J  through  the  horizon ;  and  consequently 
the  time  of  its  passage  will  be  greater  or  less  in  the 
same  proportion ;  but  this  will  be  best  illustrated  by 
an  example. 
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Therefore,  suppose  the  sun  in  the  vernal  equi- 
nox, rectify  the  globe  for  the  latitude  of  London, 
and  the  place  of  the  sun ;  then  bring  the  vernal 
equinox,  or  sun  s  place,  to  the  western  edge  of 
the  horizon,  and  the  hour  index  will  point  pre- 
cisely to  VI;  at  which  time  we  will  also  suppose 
the  moon  to  be  in  the  autumnal  equinox,  and  con- 
sequently at  full  and  rising  exactly  at  the  time  of 
sun-set. 

But  on  the  following  day,  the  sun,  being  advanced 
scarcely  one  degree  in  the  ecliptic,  will  set  again 
very  nearly  at  the  same  time  as  before;  but  the 
moon  will,  at  a  mean  rate,  in  the  space  of  one  day 
pass  over  13  deg.  in  her  orbit ;  and  therefore,  when 
the  sun  sets  in  the  evening  after  the  equinox,  the 
moon  will  be  below  the  horizon,  and  the  globe 
must  be  turned  about  till  83  degrees  of  Libra  come 
up  to  the  edge  of  the  horizon,  and  then  the  index 
will  point  to  7  h.  6*  min.  the  time  of  the  moon's 
rising,  which  is  an  hour  and  quarter  after  sun-set 
for  dark  night.  The  next  day  following  there  will 
be  two  hours  and  an  half,  and  so  on  successively, 
with  an  increase  of  one  hour  and  a  quarter  dark 
night  each  evening  respectively,  at  this  season  of  the 
year  ;  all  owing  to  the  very  great  angle  which  the 
ecliptic  makes  w  ith  the  horizon  at  the  time  of  the 
moon's  rising. 

On  the  other  hand,  suppose  the  sun  in  the  au- 
tumnal equinox,  or  beginning  of  Libra,and  the  moon 
opposite  to  it  in  the  vernal  equinox,  then  the  globe, 
rectified  as  before,  being  turned  about  till  the  sun's 
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place  comes  to  tlie  western  edge  of  the  horizon^  the 
index  will  point  to  VI^  for  the  time  of  the  setting 
and  the  rising  of  the  fall- moon  on  that  equinoctial 
day.  On  the  following  day,  the  sun  will  set  nearly 
at  the  same  time ;  but  the  moon  being  advanced 
(in  the  24  hours)  13  degrees  in  the  ecliptic,  the 
globe  must  be  turned  about  till  that  arch  of  the  ec- 
liptic shall  ascend  the  horizon  ;  which  motion  of  the 
globe  will  be  very  little,  as  the  ecliptic  now  makes 
so  small  an  angle  with  the  horizon,  as  is  evident  by 
the  index,  which  now  points  to  VI  h.  17  m.  for  the 
time  of  the  moon's  rising  on  the  second  day, 
which  is  about  a  quarter  of  an  hour  after  sun-set. 
The  third  day,  the  moon  will  rise  within  half  an 
hour;  on  the  fourth,  within  three  quarters  of  an 
hour,  and  so  on  ;  so  that  it  will  be  near  a  week 
before  the  nights  will  be  an  hour  without  illumina- 
tion :  and  in  greater  latitudes  this  difference  will  be 
still  greater,  as  you  will  easily  find  by  varying  the 
case,  in  the  practice  of  this  celebrated  problem  on 
the  globe. 

This  phenomenon  varies  in  different  years ;  the 
moon  s  or\)it  being  inclined  to  the  ecliptic  about 
five  degrees,  and  the  line  of  the  nodes  continually 
moving  retrograde,  the  inclination  of  her  orbit  to 
the  equator  will  be  greater  at  some  seasons  than  it  is 
at  others,  which  prevents  her  hastening  to  the  north- 
ward, or  descending  southward,  in  each  revolution, 
)yith  an  equal  pace. 
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Problem  xlv.  To  find  at  what  azimuth  the  moon 
is  upon  at  any  place  when  it  is  flood ,  or  high  water ; 
and  thence  the  high  tide  for  any  day  oj  the  moon's 
age  at  the  same  place. 

Having  observed  the  hour  and  minute  of  high 
vidXerj  about  the  time  of  new^  or  full-moon,  rectify 
the  globe  to  the  latitude  and  sun's  place ;  find  the 
moon's  place  and  latitude  in  the  ephemeris,  to 
which  set  the  artificial  moon,  or  a  patch  represent- 
ing the  moon,  and  screw  the  quadrant  of  altitude  in 
the  zenith  ;  turn  the  globe  till  the  horary  index  points 
to  the  time  of  flood,  and  lay  the  quadrant  over  the 
centre  of  the  artificial  moon,  and  it  w  ill  cut  the  ho- 
rizon in  the  point  of  the  compass  upon  which  the 
moon  wa^,  and  the  degrees  on  the  horizon  contained 
between  the  strong  brass  meridian  and  the  quadrant, 
will  be  the  moon's  azimuth  from  the  south. 

To  find  the  time  of  high  water  at  the  same  place. 

Rectify  the  globe  to  the  latitude  and  zenith,  find 
the  moon's  place  by  an  ephemeris  for  the  given  day 
of  her  age,  or  day  of  the  month,  and  set  the  arti- 
ficial moon  to  that  place  in  the  zodiac  :  put  the  qua- 
drant of  altitude  to  the  azimuth  before  found,  and 
turn  the  globe  till  the  artificial  moon  is  under  its 
graduated  edge,  and  the  horary  index  will  point  to 
the  time  of  the  day  on  which  it  will  be  high  water. 
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tUE  USE  OF  THE  CELESTIAL  GLOBE  IN  THE  SOLU- 
TION OF  PROBLEMS  ASCERTAINING  THE  PLACES 
AND    VISIBLE  MOTIONS    OR    ORBITS    OF    COMETS.* 

There  is  another  class  or  species  of  planets, 
which  are  called  comets.  These  move  round  the 
sun  in  regular  and  stated  periods  of  times,  in  the 
same  manner,  and  from  the  same  cause,  as  the  rest 
of  the  planets  do;  that  is,  by  a  centripetal  force, 
every  where  decreasing  as  the  squares  of  the  dis- 
tances increase,  which  is  the  general  law  of  the 
whole  planetary  system.  But  this  centripetal  force 
in  the  comets  being  compounded  with  tlie  projec- 
tile force,  in  a  very  different  ratio  from  that  which 
is  found  in  the  planets,  causes  their  orbits  to  be  much 
more  elliptical  than  those  of  the  planets,  which  are 
almost  circular. 

But,  whatever  may  be  the  form  of  a  comet's  orbit 
in  reality,  their  geocentric  motions,  or  the  appa- 
rent paths,  which  they  describe  in  the  heavens 
among  the  fixed  stars,  will  always  be  circular,  and 
therefore  may  be  shewn  upon  the  surface  of  a  celes- 
tial globe,  as  well  as  the  motions  and  places  of  any 
of  the  rest  of  the  planets. 

To  give  an  instance  of  the  cometary  praxis  on 
the  globe,  we  shall  chuse  that  comet  for  the  sub- 
ject of  these  problems,  which  made  its  appearance 

*  Martin's  Description  and  Use  of  the  Globes. 
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at  Boston,  in  New  England,  in  the  months  of  Oc- 
tober and  November,  17^8,  in  its  return  to  the 
sun;  after  which  it  approached  so  near  the  sun, 
as  to  set  lieliacally,  or  to  be  lost  in  its  beams,  for 
some  time  spent  in  passing  the  perihelion.  Then 
afterwards  emerging  from  the  solar  rays,  it  ap- 
peared retrograde  in  its  course  from  the  sun  to- 
wards the  latter  end  of  March,  and  so  continued 
the  whole  month  of  April  and  part  of  May,  in  the 
West  Indies,  particularly  in  Jamaica,  whose  lati- 
tude rendered  it  visible  in  those  parts,  when  it 
was  for  the  greatest  part  of  the  time  invisible  to 
us,  by  reason  of  its  southern  course  through  the 
heavens. 

When  two  observations  can  be  made  of  a  comet, 
it  will  be  very  easy  to  assign  its  course,  or  mark  it 
out  upon  the  surface  of  the  celestial  globe.  These, 
with  regard  to  the  above-mentioned  comet,  we  have, 
and  they  are  sufficient  for  our  purpose  in  regard  to 
the  solution  of  cometary  problems. 

By  an  observation  made  at  Jamaica  on  the  .31st  of 
March,  17^9^  at  five  o'clock  in  the  morning,  the 
comet's  altitude  was  found  to  be  22  deg.  50  min.  and 
its  azimuth  7 1  deg.  south-east.  From  hence  "we 
shall  find  its  place  on  the  surface  of  the  globe  by  the 
following  problem. 
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Problem  xlvi.  To  rectify  the  glohe  for  the  la- 
titude of  the  place  of  observation  in  Jamaica,  lati^ 
tu'de  17  deg.  30  mm.  and  given  day  of  the  months 
viz,  March  3lst. 

Elevate  the  north  pole  to  I  J"  fleg.  30  inin.  above 
the  horizon,  then  fix  the  quadrant  of  altitude  to  the 
same  degree  in  the  meridian,  or  zenith  point.  Again, 
the  sun's  place  for  the  31st  of  March  is  in  10  deg. 
34  min.  Xi  which  bring  to  the  meridian,  and  set  the 
hour  index  at  XII,  and  the  globe  is  then  rectified  for 
the  place  and  time  of  observation. 


Problem  xlvii.  To  determine  the  place  of  a 
comet  on  the  surface  of  the  celestial  globe  from  its 
given  altitude,  azimuth,  hour  of  the  day,  and  alti- 
tude of  the  place. 

The  globe  being  rectified  to  the  given  latitude, 
and  day  of  the  month,  turn  it  about  towards  the 
east,  till  the  hour  index  points  to  the  given  time,  viz. 
V  o*clock  in  the  morning  ;  then  bring  the  quadrant 
of  altitude  to  intersect  the  horizon  in  71  ^'^Z'  ^^^^ 
given  azimuth  in  the  south-east  quarter ;  then,  under 
22  deg.  50  tnin.  the  given  altitude,  you  will  find  the 
comet's  place,  where  you  may  put  a  small  patch  to 
represent  it. 
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Projjlem  xLyiXji.'  !To  jind  the  latitude,  longitude, 
declination,  and  right  a^ce/isign  of  the  comets. 

In  the  circles  of  latitude  contained  in  the  zodiac^ 
you  will  find  the  latitude  of  the  comet  to  be  about 
30  deg.  30  min.  from  the  ecliptic ;  the  same  circle 
of  latitudef  reduces  its  place  to  the  ecliptic  in  26  deg. 
3a<i»iu;.  pii^X^^y  which  is  its  longitude  sought.  Then 
bring  tlieieometary  patch  to  the  brazen*  meridian, 
jiivi  jjt§  declination  will  be  shewn  to  be  9  deg.  1 5  min^ 
9putb4P--Ai>the  saraetinie.  its  right  ascension  will  be 
^'^7  .tl§g.  :30  min. 

Problem  xlix.  To  shew  the  time  of  the  comefs 
rising,  southing,  setting,  and  amplitude,  for  the  dai/ 
of  the  observation  at  Jamaioa. 

i3rmg  the  place  of  the  comet  mto  the  eastern  se- 
micircle of  the  horizon,  (the  globe  being  rectified  as 
directed)  the  index  will  point  to  III  hours  15  min^ 
which  is  the  time  of  its  rising  in  the  morning  at 
Jamaica,  the  amplitude  10  deg.  ver}^  nearly  to  the 
south.  The  patch  being  brought  to  Uie  meridian^ 
the  index  points  to  IX  o'clock  lO  min.  for  the  time 
o£: culminating,  or  being  south  to  them.  Lastly^, 
bring  tlia  patch  to  touch  the  western  meridian,  and 
the  index  will  point  to  III  in  the  afternoon,  for 
the  time  of  tjie  comet's  setting,  with  10  degrees  pjf 
southern  amplitude,  of  course.  ,   V  ,,, 
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Problem  l.  From  the  comefs  place  being  given, 
to  find  the  time  of  its  rising  in  the  horizon  of  Lon^ 
don,  on  the  3 1st  day  of  March,  1/59. 

For  this  purpose  you  need  only  rectify  the  globe 
for  the  given  latitude  of  London,  and  bring  the  co-. 
Mfietary  patch  to  the  eastern  horizon,  and  the  index 
points  to  III  hours  45  min.  for  the  time  of  its  rising 
at  London,  with  about  14  deg.  of  south  amplitude  ; 
then  turn  the  patch  to  the  western  horizon,  and  the 
index  points  to  II  h.  25  min.  the  time  of  its  setting. 

N.B.  From  hence  it  appears,  the  comet  rose  soon 
enough  that  morning  to  have  been  obsei-ved  at  Lon- 
don, had  the  heavens  been  clear,  and  the  astronomers 
been  before-hand  apprized  of  such  a  phenomenon. 
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Problem  li.  To  determine  a?iother  place  of  the 
same  comet,  from  an  observation  made  at  London  on 
the  6th  day  of  May,  at  ten  in  the  evening. 

On  the  6th  day  of  May,  1 759,  at  ten  at  night,  the 
place  of  the  comet  was  observed,  and  its  distance 
ifte^sured  with  a  micrometer,  from  two  fixed  stars, 
marked  ij-  and  v,in  the  constellation  called  Hydra,?ind 
its  altitude  was  found  to  be  1 6  deg.  and  its  azimuth 
37  deg.  south-^west;  from  whence  its  place  on  the 
surface  of  the  globe  is  exactly  determined  as  in  Pro- 
blem ilvii,  and  having  stuck  a  patch  thereon,  you 
^ill  have  the  two  places  of  the  comet  on  the  surface 
iff  the  globe,  for  the  two  distant  days  and  places  of 
observation,  as  required;  v/)^iilqrnfi  m. 

w  u 
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Problem  lii.  From  two  given  places  of  a  cornet^ 
to  assign  its  apparent  path  among  the  fixed  stars  in 
the  heavens. 

The  two  places  of  the  comet  being  determined  by 
the  observations  on  the  31st  of  March,  1758,  and 
the  6th  of  May  following,  and  denoted  by  two 
patches  respectively,  you  must  move  the  globe  up 
and  down,  in  the  notches  of  the  horizon,  till  such 
time  as  you  bring  both  the  patches  to  coincide  with 
the  horizon  ;  then  will  the  arch  of  the  horizon  be- 
tween the  two  patches  shew,  upon  the  celestial 
globe,  the  apparent  place  of  the  comet  in  the  interval 
between  the  two  observations,  and  by  drawing  a  line 
with  a  black-lead  pencil  along  by  the  frame  of  the 
horizon,  its  path  on  the  surface  of  the  globe  will  be 
delineated,  as  required.  And  here  it  may  be  ob- 
served, that  its  apparent  path  lies  through  the  fol- 
lowing southern  constellations,  viz,  the  tail  of  Ca- 
pricorn, the  tail  of  Piscis  Australis,  by  the  head  of 
Indus,  the  neck  and  body  of  Pavo,  through  the  neck 
of  Apus,  below  Triangulum  Australe,  above  Musca, 
by  the  lowermost  of  the  Crosiers,  across  the  hind 
legs  and  through  the  tail  of  Centaurus,  from  thence 
between  the  two  stars  in  the  back  of  the  Hydra  be- 
fore-mentioned ;  after  this,  it  passed  on  to  Sextans 
Uraniae,  and  then  to  the  ecliptic  near  Cor  Leonis, 
ioon  after  which  it  totally  disappeared, 

B  B  3 
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Problem  liii.  To  estimate  the  apparent  velocily 
of  a  comet i  two  places  thereof  heing  given  by  obser- 
vation. 

Let  one  place  be  ascertained  near  the  beginning  of 
its  appearance,  and  the  other  towards  the  end  thereof; 
then  bring  these  two  places  to  the  horizon,  and 
count  the  number  of  degrees  intersected  between 
them,  which  being  the  space  apparently  described  in 
a  given  time,  will  be  the  ve  locity  required.  Thus,  in 
the  case  of  the  above-menti(  >ned  comet,  you  w  ill  find 
that  it  described  more  than  150  deg.  in  the  space  of 
36  days,  which  is  more  than  four  deg.  per  day. 

Problem  liV.    To  represent  the  general  phenomenon 
of  the  comet  for  any  given  latitude. 

Bring  the  visible  path  of  the  comet  tot  coincide 
with  the  horizon,  by  which  it  was  ^  drawn,  and  then 
observe  what  degree  of  the  meridian  is  in  the  north 
point  of  the  horizon,  which,  in  the  case  of  the  fore- 
going comet,  will  be  the  23d  deg.  This  will  shew 
the  greatest  latitude  in  which  the  whole  path  can  be 
visible  in  any  latitude  less  than  this,  as  that  of  Ja- 
maica; where,  for  instance,  the  most  southern  part  of 
the  path  will  be  elevated  more  than  five  d^g.  above 
the  horizon,  and  the  comet  visible  through  the  whole 
time  of  its  apparition.  But  rectifying  the  globe  for 
the  latitude  of  London,  the  path  of  the  said  comet 
will  be  for  the  most  part  invisible,  or  below  the  ho- 
rizon ;  and  therefore  it  could  not  have  been  seen  in 


PROBLEMS.  389 

our  latitude,  but  at  times  very  near  the  beginning 
and  end  of  its  appearance  ;  because,  by  l)ringing  the 
comet's  path  on  one  part  to  the  south  point  of  the  ho- 
rizon, it  will  immediately  appear  in  what  part  the 
comet  ceases  to  be  visible ;  and  then  bringing  the 
other  part  of  the  path  to  the  point,  it  will  appear  in 
what  part  it  will  again  become  visible. 

After  this  manner  may  the  problems  relating  to 
any  other  comets  be  performed  ;  and  thus  the  paths 
of  the  several  comets,  which  have  hitherto  been  ob- 
served, may  be  severally  delineated  on  the  celestial 
globe,  and  their  various  phenomena  in  different  lati- 
tudes be  thereby  shewn. 

Note^ — A  much  more  remarkable  comet  than  the 
one  of  I807,  and  which  I  noticed  at  page  166  of 
this  work,  made  its  first  appearance  in  our  northern 
hemisphere  at  the  end  of  August  last,  and  has  con- 
tinued till  the  present  time  (25th  Dec.  1811),  tra- 
versing among  the  northern  constellations,  with  su- 
perior brilliancy,  extent  of  coma  and  duration,  to 
all  other  comets  observed  in  the  last  century.  It  is 
now  nearly  at  its  extreme  diminution  of  appear- 
ance, or  at  the  vanishing  distance.  It  was  only 
first  observed  about  its  recess  from  the  perihelion, 
or  the  sun,  and  the  following  is  the  best  summary 
of  its  paths  and  elements,  that  could  be  collected 
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1811. 

Right  Ascension. 

North  Declination. 

Aug.   21 

147°    18'      0'^ 

32^    53'      0" 

Sept.     1 

155      51      33 

38        3      53 

4 

158      32      14 

39      19      12 

6 

lf)0      27        4 
B  B  3 

40      19      14 
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1811. 

Right  Ascension. 

North  Declination, 

Sept. 

8 

162 

31 

23 

41 

14 

35 

9 

163 

39 

52 

41 

42 

24 

13 

167 

11 

48 

43 

8 

54 

Ocit. 

2 

204 

6 

20 

49 

31 

51 

12 

229 

39 

28 

46 

59 

26 

15 

236 

46 

9 

45 

11 

30 

17 

241 

26 

54 

43 

43 

46 

23 

253 

48 

10 

38 

44 

10 

Nov. 

4 

271 

20 

0 

27 

40 

0 

10 

278 

0 

0 

22 

20 

0 

Dec. 

2 

293 

0 

0 

8 

40 

0 

14 

300 

0 

0 

3 

20 

0 

This  comet  approached  nearest  the  earth  about 
the  20th  October,  and  was  then  at  a  distance  of 
about  112  millions  of  miles,  with  a  tail  extending 
in  length  about  12  degrees.  Dr.  Herschel  esti- 
mated its  body  to  be  in  diameter,  about  428  miles, 
enveloped  in  a  cometic  atmosphere. 

Plate  lOy  Jig,  4,  is  a  diagram  of  the  paths  from 
the  above  observations.  It  was  last  seen  near  the 
Mar  Altair^  in  the  Eagle.— Edit, 
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ESSAY    III. 

CONTAINING 

^  BESCmPTIOJV 

OF   THF    MOST    IMPROVED 

PLANETARIUM,  TELLURIA  N,  AND  LUNARIUM. 


I  NOW  proceed,  in  pursuance  of  my  original  plan, 
to  describe  one  of  the  instruments  contrived  to  faci- 
litate the  study  of  geography  and  astronomy.  It  will 
realize  to  the  eye  of  the  pupil  many  phenomena,  and 
impress  them  strongly  on  his  memory.  The  instru- 
ment here  described  may  be  considered  as  one  of 
the  best  hitherto  contrived  for  explaining  the  celes- 
tial motions.  Tlie  description  of  this  will,  with  very 
few  alterations,  apply  to  most  other  instruments  de- 
signed for  the  same  purpose.  The  explanation  of 
the  instrument  will  also  enable  me  to  render  some 
articles  plainer,  and  to  treat  others  more  fully; 
while  those  who  have  not  thoroughly  comprehended 
what  has  been  already  said,  may  gain  more  perfect 
ideas  of  the  subject. 

It  seems  highly  probable,  that  the  ancients  were 
not  unacquainted  with  planetary  machines,  and  that 
the  same  powers  of  genius  which  led  them  to  con- 
template and  reason  upon  the  motion  of  the  heavenly 
bodies,  induced  them  to  realize  their  ideas,  and 
form  instruments  for  explaining  them ;  and  we  may 
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fairly  presume,  that  these  were  carried  to  no  smatf 
degree  of  perfection,  when  we  consider  that  of  one, 
Archimedes  was  the  maker,  and  Ciceroihe  encomiast. 
The  instrument  now  to  be  described  was  invented 
by  the  celebrated  Hut/gens,  though  since  his  time 
it  has  been  ascribed  to  almost  as  many  inventors  as 
makers  ;  each  deviation  in  form,  the  mounting  it  in 
this  mode  or  the  other,  the  addition  of  a  zodiac,  or 
some  such  slight  changes,  have  been  deemed  by 
many  of  sufficient  importance  to  give  them  a  claim 
to  the  title  of  inventors  :— be  it  so.  Let  the  friend 
of  science  encourage  every  humble  effort  to  improve 
it ;  and  let  him  bestow  a  name  which,  though  it 
may  in  some  measure  gratify  vanity,  yet  incites  to 
labour,  rather  than  by  contempt,  check  the  ardour, 
or  discotirage  the  talents  which,  when  called  forth, 
may  be  of  the  greatest  service  to  society. 

DESCRIPTION    OF   THE    PLANETARIUM. 

Plate   II,  Jig,   1,  represents  the  planetarium.* 

*  This  instramciit,  with  two  other  parts,  the  TcUtin'ati  and  Lit- 
narium,  plate  xii.  fig.  1  and  2,  comprises  an  Orrery,  tlie  roost  port- 
able and  complete  of  any  other  made.  By  the  triple  division  of  fha 
machine,  the  motions  are  more  completely  and  accurately  shewii 
than  by  the  larger  and  usual  kinds,  where  all  the  planetary  mo- 
tions are  attempted  to  be  exhibited  in  one  machine.  It  requires  a 
considerable  bulk,  as  well  as  expence,  to  unite  in  one  machine 
•nly,  the  motions  displayed  in  this,  and  much  more  so,  when  the 
periodical  rcTolutions  of  the  satellites  are  included.  The  box  ABC, 
is  supported  on  a  brass  pillar  and  stand  not  slicwn  in  the  figure ; 
and  the  arms  are  to  be  taken  off  their  common  central  arbor,  when 
either  of  the  other  two  parts  the  Tellurian  and  Lunarium  is  to  ba 
l^ppUed.     Th«  diaroetor  of  the  brass  box  is  about  10  inches,  and 
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The  box  ABC  contains  the  wheel-work  by  which 
the  planets  are  made  to  move  round  a  brass  ball  S, 
representing  the  sun :  this  motion  is  communicat- 
ed to  them  by  turning  the  handle. 

A  planetarium  may  be  considered,  in  some  sort, 
as  a  diametrical  section  of  our  universe,  in  which  the 
upper  and  lower  hemisphere  are  suppressed. 

The  upper  plate  is  to  answer  for  the  ecliptic ;  on 
this,  therefore,  are  placed,  in  two  opposite  circles, 
corresponding  to  each  other,  the  signs  of  the  eclip- 
tic, and  the  days  of  the  month,  by  means  whereof 
the  planets  may  be  easily  set  to  their  mean  places  in 
the  ecliptic  for  any  day  in  the  year.  Through  the 
centre  of  the  plate  there  passes  a  strong  stem,  on 
which  the  brass  ball  S  is  placed,  which  represents 
the  sun  ;  round  the  stem  are  the  different  sockets, 
which  carry  the  arms,  by  which  the  balls  represent- 
ing the  planets  are  supported.  The  planets  are  ivory 
balls,  having  the  hemisphere  which  is  next  the  sun 
white,  the  otfier  black,  to  exhibit  their  respective 

the  machine  and  apparatus  packs  in(o  a  neat  portable  niahogany 
case,  about  20  inches  in  height,  and  12  inches  square. 

This  machine,  with  the  exception  of  a  few  late  improvements, 
was  originally  constructed  by  the  late  learned  Optician,  Mr. 
Benjamin  Martin. 

A  similar  machine,  of  correspondent  figure  and  dimensions, 
is  sometimes  made  to  exhibit,  by  wheel-work,  the  periodical  re- 
volutions of  the  satellites  of  Jupiter  about  that  planet ;  and  from 
illustrating  the  Jovian  system,  is  denominated  "  The  Jovarium." 
The  two  form  a  pair  of  complete  instruments  either  for  tlie  stu- 
dent or  lecturer. 

In  a  similar  manner,  a  machine  for  exhibiting  the  periodical 
revolution  of  Saturn's  satellites  may  be  constructed.    D»it. 
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])laces  to  each  other.  The  planets  may  be  eusily 
put  on  or  taken  off  their  sockets,  as  occasion  re- 
quires. About  the  primary  planets  are  placed  tlie 
secondary  planets^  or  moons,  which  are  in  this  in- 
strument only  moveable  by  hand ;  but  when  the  in- 
strument is  fitted  upon  a  large  scale,  and  in  a  more 
expensive  form,  even  these  are  put  in  motion  by  tliff 
wheel- work. 

The  planets  are  disposed  in  the  following  order  : 
in  the  centre  is  the  brass  ball  ©,  to  represent  the 
sun ;  then  Mercury  5  ,  Venus  9  ,  the  earth  0 ,  Mars  J , 
Jupiter  "y,  Saturn  Tp  ;  then  the  Georgium  Si- 
dus  !§.. 

"When  the  pupil  has  been  gratified  by  putting  the 
instrument  in  motion,  and  making  his  own  obser- 
vations on  those  motions,  it  will  be  proper  to  ac- 
quaint him  with  the  names  of  the  different  planets, 
and  of  their  division  into  primary  and  secondary,  to 
fihew  him  how  they  were  first  distinguished  from 
the  fixed  stars,  and  how  the  length  of  their  periodic 
revolution  was  discovered.  Here  it  will  be  proper 
to  observe,  that  the  annual  motion  of  the  earth,  or 
the  time  it  takes  to  perform  its  period  round  the  sun, 
is  niade  the  basis  to  which  the  others  are  compared  ; 
and  this  is  one  of  the  reasons  why  the  months,  and 
days  of  our  months,  are  engraved  on  the  circle. 
Having  observed  this,  the  planets  may  be  put  in  mo- 
tion, and  they  will  be  found  to  revolve  round  the  re- 
presentative of  the  sun  in  their  proportionable  times, 
each  planet  always  completing  its  revolution  in  the 
same  space  of  time,  in  periods  regulated  and  pro- 
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portioned  to  their  distance  from  the  sun :  the  curve 
which  they  describe  in  their  revolution  is  what  is 
termed  their  orbit. 


GENERAL    EXPLANATION    OF    THE    SOLAR    SYSTEM    BY 
THE   PLANETARIUM. 

In  the  course  of  the  system  is  the  sun,  placed  iti 
the  heavens  by  that  Almighii/  Power  who  said, 
**  Let  there  be  light,  and  there  was  light,"  to  be  the 
fountain  of  light  and  heat  to  all  the  planets  revolv- 
ing round  him. 


His  rapid  rays. 


**  Themselves  unmeasured,  measure  all  our  days: 
*'  A  thousand  worlds  confess  his  quick'ning  heat, 
**  And  all  he  cheers  are  fruitful,  fair,  and  sweet.** 

The  situation  of  this  glorious  body,  in  the  system, 
is  pointed  out  in  this  machine  by  the  brass  ball  in 
the  centre. 

Mercury  \&  the  nearest  planet  to  the  sun,  and  moves 
round  him  in  about  88  days.  To  observe  this  by 
the  planetarium,  observe  the  parts  of  the  ecliptic 
where  Mercury  and  Venus  are  situated,  or  set  them 
to  any  two  given  places  therein,  and  then  turn  the 
handle  ;  and  when  Mercury  is  returned  to  the  place 
from  whence  he  set  out,  the  earth  will  have  gone 
over  88  days  of  the  ecliptic.  In  the  same  manner  you 
will  find  the  periods  of  the  other  planets  correspond- 
ing to  their  respective  periods  in  the  heavens. 

As  Mercury  moves  round  him  in  rather  less  than 
three  months,  that,  consequently,  is  the  length  of  his 
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year ;  the  3'eiir  in  each  planet  heing  the  space  of 
time  which  it  occupies  in  goino-  round  tlie  sun. 
Mercury  is  seldom  seen,  on  account  of  his  being  so 
near  to  the  sun  as  to  be  generally  concealed  by  his 
rays  ;  and  the  time  of  his  rotation  on  his  axis,  or  the 
length  of  his  days  and  nights,  has  not  yet  been  dis- 
covered. 

f^enifSj  the  next  planet  to  Mercur}^  distinguished 
in  the  heavens  by  her  superior  lustre  and  brightness, 
, completes  her  annual  or  yearly  revolution  round  the 
sun  in  about  225  days  ;  and  her  diurnal  or  daily  ro- 
tation upon  her  own  axis,  in  about  23 1  hours.  When 
this  planet  appears  to  the  west  of  the  sun,  she  rises 
before  him  in  the  morning,  and  is  called  the  morn- 
ing star ;  and  when  she  appears  to  the  east  of  the 
sun,  she  shines  in  the  evening  after  he  sets,  and  is 
then  called  the  evening  star  ;  being  in  each  situation, 
alternately,  for  about  7t  months. 

The  next  planet  above  Venus  is  the  Earth,  whose 
annual  revolution  is  performed  in  o6*5  days,  5  hours, 
and  49  minutes,  or  rather  more  than  1 2  months  (the 
brazen  ecliptic  is,  however,  only  divided  into  36*5 
days),  and  its  diurnal  rotation  in  about  24  hours. 
Every  fourth  year,  one  day  is  added  at  the  end  of 
February,  to  recover  the  time  which  the  earth  spends 
in  her  annual  course  above  the  365  days,  which  com- 
j)Ose  a  common  year.  This  fourth  year,  therefore, 
consists  of  366  days,  and  is  called  bissextile,  and 
also  leap-year. 

Next  above  the  earth's  orbit  is  that  of  Mars,  who 
completes  his  revolution  round  the  sun  in  somewhat 
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Jess  than  two  of  our  years,  and  his  rotation  upon  his 
axis  is  rather  more  th^n  24 i-  hours. 

Jitjnter,  the  largest  of  all  the  planets,  holds  the 
next  place  to  Mars  in  distance  from  the  sun.  He 
performs  his  annual  revolution  in  rather  less  than  12 
years,  and  his  diurnal  rotation  in  ahout  ten  hours, 
Jupiter,  as  well  as  Venus,  is  sometimes  called  a  morn- 
ing, and  sometimes  an  evening  star. 

Next  to  the  orbit  of  Jupiter  is  that  of  Saturn,  who 
completes  his  annual  revolution  round  the  sun  in 
about  29  f  years.  The  time  of  his  diurnal  rotation 
is  unknown. 

Saturn  was  generally  considered  as  the  remotest 
planet  of  our  system,  till,  on  the  13th  of  March,  178I, 
Dr.Herschet  discovered  another,  still  further,  distant 
from  the  sun,  round  which  it  revolves  in  an  orbit 
nearly  circular,  in  about  82  years.  To  this  planet 
Dr.  Uerschel  has  given  the  name  of  the  Georg'mm 

Sidus.  ^.^iarrsh'.}' 

Besides  these  seven  primary  planets,  there  are 
fourteen  others,  called  secondary  planets,  or  satel- 
litesj  which  move  round  their  primaries  in  the  same 
manner  as  those  move  round  the  sun. 

The  first  of  these  is  the  moon,  represented  by  the 
small  ball  annexed  to  the  earth.  While  it  accompa- 
nies the  earth  in  its  annual  progress  through  its  or- 
bit, it  is  continually  revolving  round  it ;  as  you  will 
see  in  that  part  of  the  instrument  that  is  particularly 
designed  to  illustrate  the  phenomena  of  the  moon. 

Jupiter  has  four  satellites,  Saturn  seven,  and  the 
(jreorgium  Sidus  six :  they  are  all  invisible  to  the 
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naked  eye,  and  are  only  to  be  seen  by  the  assistance 
of  telescopes.  Saturn,  besides  his  seven  satelHtes, 
has  a  bright  shining  ring,  which  encompasses  him : 
it  is  at  such  a  distance  from  his  body,  that  the  fixed 
stars  may  frequently  be  seen  between  the  inner  edge 
of  the  ring  and  the  planet  itself.  Dr.  Herschel  has 
lately  discovered  that  this  ring  is  divided  into  two 
parts,  an  inner  and  an  outer  ring,  which  are  sepa- 
rated from  each  other  by  a  space  of  one  thousand 
miles. 


To  explain,  hi/  the  planetarium^  why  the  sun,  heiiig 
ajixed  hochj,  appears  to  pa^s  through  all  the  signs 
of  the  zodiac  in  twelve  months,  or  one  year.  It 
will  shetv  that  this  phenomenon  is  occasioned  hf 
the  annual  motion  of  the  earth. 

As  the  general  phenomena  of  the  planetary  sys- 
tem will  be  best  understood  by  an  induction  of 
particulars,  1  should  advise  the  tutor  to  remove  all 
the  planets  but  those  whose  motion  he  is  going  to 
explain  ;  for  instance,  let  him  now  leave  only  the 
earth  and  sun ;  place  the  earth  over  Libra,  and  it  is 
plain  that  the  sun  will  then  be  transferred,  by  the 
ey:»  of  the  spectator  to  Aries,  in  which  sign  it  will 
appear  at  the  latter  end  of  March :  move  the  earth 
on  its  orbit  to  Capricornus,  and  the  sun  will  ap- 
pear at  Cancer  in  June,  seeming  to  have  moved  from 
T  to  oE,  though  it  has  not  stirred,  the  real  motion 
of  the  earth  having  caused  the  spectator  to  transfer 
the  sun  to  ?.]\  the  intermediate  points  in  the  heavens. 
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*nd  thus  given  it  apparent  motion.  Continue  to 
move  the  earth  till  it  arrives  at  Aries,  and  the  sun 
will  be  seen  in  Libra,  in  the  month  of  September: 
moving  the  earth  on  to  Cancer,  the  visual  ray  of  the 
spectator  refers  the  sun  to  Capricorn,  as  it  appears  in 
the  month  of  December,  Lastly,  continue  moving 
the  earth,  and  it  will  arrive  at  Aries,  where  we  set  out. 
Thus  we  hftve  shewn  that  it  is  the  motion  of  the 
earth  which  causes  the  sun  to  appear  in  all  the  diffe- 
rent signs  of  the  zodiac.  Custom,  indeed,  has  taught 
us  to  say  the  sun  is  in  Aries,  when  it  is  between  us 
and  Aries,  and  so  of  any  other  sign ;  whereas  it 
would  have  been  more  proper  to  say,  that  the  earth 
is  in  Libra. 

To  shew  why,  at  different  times  of  the  year,  we  set 
the  heavens  decorated  with  an  entire  different 
collection  of  stars. 

This  phenomenon  is  occasioned  by  the  earth's 
progressive  or  annual  motion  ;  while  the  earth  is  tra- 
versing his  course  under  the  vast  concave  of  fixed 
stars,  we  are  gradually  carried  under  the  different 
constellations.  From  hence  it  is  evident,  that  at 
night,  when  the  earth  is  turned  from  the  sun,  we 
shall,  in  succession,  have  the  opportunity  of  view- 
ing, from  time  to  time,  all  the  stars  in  the  zodiac, 
and  consequently  a  different  constellation  will  pre- 
sent itself  every  month. 

Thus,  the  Pleiades  are  not  visible  in  the  summer; 
but  in  the  winter  the  earth  is  got  between  the  sun 
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^nd  them*  These  stars  are  observable  at  night,  be* 
cause  they  are  not  intercepted  from  our  sight  by  the 
suns  rays;  and  i»  this  manner  they  appear  during 
the  whole  winter,  only  they  seem  to  get  more  wes- 
terly every  night,  as  the  earth  moves  gradually  by 
them  to  the  east.  To  make  this  still  more  clear, 
place  the  eai'th  in  the  planetarium  between  the  sun 
ar^d  j^ny.of  the  signs,  that  «ide  towards  the  sun  will 
be  day,  and  that  towards  the  sign  night :  it  follovrs, 
that  at  night  we  are  turned  towards  the  stars,  which 
in  that  sign  (suppo^^,Ks  before,  the  Pleiades  in  Tau*. 
yus)  will  thenrbp  conspicuous  tons;  but  as  the  spnog 
approaches,  the  earth  withdraws  itself  from  between 
the  sun  and  the  Pleiades,  till  at  length  tliQ  earth,  by 
its  progressive  motion,  gets  the  sun  between  it  and 
the  stars,  which  then  lie  hid  behind  the  solar  rays  ? 
after  tli«  'same  manner,  wW^^  tWe  ieaFth  'f)eff<DVms  hi^ 
annual  tract,  the  sfin,  which  always  se^^ms  to  move 
the  contrary  way,  darkens,  by  his  spfendor,  the 
other  coi),^^eUation?,^^ucce^sively  ;  but  the  stars  pp- 
pop^te^tp...^ao^e  tijid.by,  ,the  sun,. are  at  nigUt  pre, 

'■     •  t?to!^RAti' ifttTENdMfeNON    6F   THE    PLANETS. 

Let  the  tutor  nov/  place  the  Earth,  Mars,  and  Ve* 
nus,  on  the  planetarium  ;  and  as  etvch  planet  moves 
wi^h  a  different  degre^e  of  velocity,  they  are  continu- 
ally changing  their  relative  positions.  Thus,  on 
turning  'he  handle  of  the  machine,  he  will  find,  first, 
that  the  Earth  moves  twice  as  fiagt  as  Mars,, making 
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,  two  revolutions  while  he  makes  one ;  and  Venus,  on 
the  other  hand,  moves  much  faster  than  the  earth. 
Secondly,  that  in  each  revolution  of  the  earth  these 
planets  continually  change  their  relative  positions, 
corresponding  sometimes  with  the  same  point  of  the 
ecliptic,  but  much  oftener  with  different  points. 

To  explain  the  covjunction,  opposition,  elongation^ 
and  other  phenomena  of  inferior  planets* 

I  may  novi^  proceed  to  make  some  observations  on 
the  motions  of  Venus,  as  observed  in  the  planetari 
um.  If  considered  as  viewed  from  the  sun,  we  shall 
find  that  Venus  would  appear  at  one  time  nearer  to 
the  earth  than  at  another  ;  that  sometimes  she  would 
appear  in  the  same  part  of  the  heavens,  and  at 
others  in  opposite  parts  thereof. 

As  the  planets,  when  seen  from  the  sun,  change 
their  position  with  respect  to  the  earth,  so  do  they 
also,  when  seen  from  the  earth,  change  their  posi- 
tions with  respect  to  the  sun,  being  sometimes  nearer 
to,  at  others  farther  from,  and,  at  times,  in  conjunc- 
tion with  him. 

But  the  conjunctions  Venus  or  Mercury,  seen 
from  the  earth,  not  only  happen  when  they  are  se^i 
together  from  the  sun,  but  also  when  they  appear  to 
be  in  opposition  to  the  solar  spectator.  To  illustrate 
this,  bring  the  Earth  and  Venus  to  the  first  point  of 
Capricorn  ;  then  by  applying  a  string  from  the  sun 
<5ver  Venus  and  the  Earth,  you  will  find  them  to  be 
in  conjunction,  or  on  the  same  point  of  the  ecliptic. 

c  c 
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:  Whereas,  if  you  turn  the  handle  till  the  sun  is  be* 
tvveen  Venus  and  the  Earth,  a  spectator  in  the  sun 
will  see  Venus  and  the  Earth  in  opposition ;  but  an 
inhabitant  of  the  earth  will  see  Venus  not  in  opposi- 
tion to  the  sun,  but  in  conjunction  with  him. 

In  the  first  conjunction  Venus  is  between  the  sun 
and  earth ;  this  is  called  the  inferior  conjunction. 
In  the  second,  the  sun  is  situated  between  the 
earth  and  Venus ;  this  is  called  the  superior  con- 
junction. 

After  either  of  these  conjunctions,  Venus  will  be 
seen  to  recede  daily  from  tlie  sun,  but  never  depart- 
ing beyond  certain  bounds,  never  appearing  opposite 
to  the  sun  ;  and  when  she  is  seen  at  the  greatest 
distance  from  him,  a  line  joining  her  centre  with 
the  centre  of  the  earth,  will  be  a  tangent  to  the  orbit 
of  Venus. 

^  To  illustrate  this,  take  off  the  sun  from  its  sup- 
port, and  the  ball  of  Venus  from  its  supporting  stem  ; 
place  the  wire,  plate  1 1 .  Jig,  2,  so  that  the  part  P 
may  be  on  the  stem  that  supports  the  earth,  and  a 
similar  socket,^^.  3,  on  the  pin  which  supports  the 
ball  of  Venus ;  the  wire  F  is  to  lie  in  a  notch  at  the 
top  of  the  socket,  which  has  been  put  upon  the  sup- 
porting stem  of  Venus  ;  then  will  the  wire  represent 
a  visual  ray  going  from  an  inhabitant  of  the  earth  to 
Venus.  By  turning  the  handle,  you  will  now  find 
that  the  planet  never  departs  further  than  certair. 
limits  from  the  sun,  which  are  called  its  greatest 
elongations,  when  the  wire  becomes  its  tangents  to 
the  orbit ;  after  which,  it  approaches  the  sun  till 


PtIENOMENA    OF   THE    PLANETS*  403 

it  al'rives  at  either  the  inferior  or  superior  conjunc* 
tion. 

It  will  also  be  evident  from  the  instrument,  that 
Venus,  from  her  superior  conjunction,  when  she  is 
furthest  from  the  earthy  to  the  time  of  her  inferior 
Conjunction,  when  she  is  nearest,  Sets  later  than  the 
sun,  is  seen  after  sun-set,  and  is,  as  it  were,  the 
forerunner  of  night  and  darkness.  But  from  the 
inferior  conjunction,  till  she  comes  to  the  superior 
one,  she  is  always  seen  westward  of  the  sun,  and 
must  consequently  set  before  him  in  the  evening,  and 
rise  before  him  in  the  morning,  foretelling  that  light 
and  day  are  at  hand. 

Bring  Venus  and  the  earth  to  the  beginning  of 
Aries,  when  they  will  be  in  conjunction  ;  and  turn 
the  handle  for  nearly  225  days,  and  as  Venus  moves 
faster  than  the  earth,  she  will  be  come  to  Aries,  and 
have  finished  her  course,  but  will  not  have  over- 
taken the  earth,  who  has  moved  on  in  the  mean  time  ; 
and  Venus  must  go  on  for  some  time,  in  order  to 
overtake  her.  Therefore,  if  Venus  should  be  this  day 
in  conjunction  with  the  sun,  in  the  inferior  part  of 
her  orbit,  she  will  not  come  again  to  the  same  con- 
junction till  after  1  year,  7  months,  and  12  days. 

It  is  also  plain,  by  inspection  of  the  planetarium, 
that  though  Venus  does  always  keep  nearly  at  the 
same  distance  from  the  sun,  yet  she  is  continually 
changing  her  distance  from  the  earth  ;  her  distance 
is  greatest  when  she  is  in  her  superior,  and  least 
whcft  she  is  in  her  inferior  conjunction, 
e  c  2 
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To  explain  the  phases,  the  retrograde,  direct,  and 
stationary  situations  of  the  planets* 

As  Venus  is  an  opake  globe,  and  only  shines  by 
the  light  she  receives  from  the  sun,  that  face  which 
is  turned  towards  the  sun  will  always  be  bright,  while 
the  opposite  one  will  be  in  darkness  ;  consequently, 
if  the  situation  of  the  earth  be  such,  that 'the  dark 
side  of  Venus  be  turned  towards  us,  she  will  then  he 
invisible,  except  she  appears  like  a  spot  on  the  disc 
of  the  sun.  If  her  whole  illuminated  face  is  turned 
towards  the  earth,  as  it  is  in  her  superior  conjunction, 
she  appears  of  a  circular  form  ;  and  according  to  the 
different  i)ositions  of  the  earth  and  Venus,  she  will 
have  different  forms,  and  appear  with  different  phases, 
undergoing  the  same  changes  of  form  as  the  moon. 
These  different  phases  are  seen  very  plain  in  this  in- 
strument, as  the  side  of  the  planet,  which  is  opposite 
to  the  sun,  is  blackened  ;  so  that  in  any  position,  a 
line  drawn  from  the  earth  to  the  planet,  will  repre- 
sent that  part  of  her  disc  which  is  visible  to  us. 

The  irregularities  in  the  apparent  motions  of  the 
planets,  is  a  subject  that  this  instrument  will  fblly 
elucidate  ;  and  the  pupil  will  find  that  they  are  only 
apparent,  taking  their  rise  from  the  situation  and 
motion  of  the  observer.  To  illustrate  this,  let  us 
suppose  the  above-mentioned  wire,  when  connected 
with  Venus  and  the  earth,  to  be  the  visual  ray  of  an 
observer  on  the  earth,  it  will  then  point  out  how  the 
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motions  of  Venus  appear  in  the  heavens,  and  the 
path  she  appears  to  us  to  describe  among  the  fixed 
stars. 

Let  Venus  be  placed  near  her  superior  conjunction, 
and  the  instrument  in  motion,  the  wire  will  mark 
out  the  apparent  motion  of  Venus  in  the  ecliptic. 
Thus  Venus  will  appear  to  move  eastward  in  the 
ecliptic,  till  the  wire  becomes  a  tangent  to  the  orbit 
of  Venus,  in  which  situation  she  will  appear  to  us  to 
be  stationary,  or  not  to  advance  at  all  among  the 
fixed  stars ;  a  circumstance  which  is  exceeding  visi- 
ble and  clear  upon  the  planetarium. 

Continue  turning,  till  Venus  be  in  her  superior 
conjunction,  and  you  will  find  by  the  wire,  or  visual 
ray,  that  she  now  appears  to  move  backward  in  the 
ecliptic,  or  from  east  to  west,  till  she  is  arrived  to 
that  part  where  the  visual  ray  again  becomes  a  tan- 
gent to  her  orbit.  In  which  position,  Venus  will 
again  appear  stationary  for  some  time  ;  after  which 
she  will  commence  anew  her  direct  motion. 

Hence,  when  Venus  is  in  the  superior  part  of  her 
orbit,  she  is  always  seen  to  move  directly,  accord- 
ing to  the  order  of  the  signs ;  but  when  she  i$  in  the 
inferior  part,  she  appears  to  move  in  a  contrary  di- 
rection. 

What  has  been  said  concerning  the  motions  of 
Venus,  is  applicable  to  those  of  Mercury ;  but  the 
conjunctions  of  Mercury  with  the  sun,  as  well  as  the 
times  of  his  being  direct,  stationary,  or  retrograde, 
are  more  frequent  than  those  of  Venus* 

cc  3 
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Of  the  superior  Planets,  as  seen  from  the  Earth. 

If  the  tutor  wishes  to  extend  his  observations  on 
the  instrument  to  Mars,  he  will  find,  by  the  visual 
ray,  that  Mars,  when  in  conjunction,  and  when  in 
opposition,  will  appear  in  the  same  point  of  the  eclip- 
tic, whether  it  is  seen  from  the  sun  or  the  earth  ;  and 
in  this  situation  only  is  its  real  and  apparent  place 
the  same,  because  then  only  the  ray  proceeds  as  if  it 
came  from  the  centre  of  the  universe. 

He  will  observe,  that  the  direct  motion  of  the 
superior  planets  is  swifter  the  nearer Jt  is  to  the  con- 
junction, and  slower  when  it  is  nearer  to  quadrature 
M'ith  the  sun  ;  but  that  the  retrograde  motion  of  a 
superior  planet  is  swifter  the  nearer  it  is  to  opposi- 
tion, and  slower  the  nearer  it  is  to  quadrature  ;  but 
at  the  time  of  change  from  direct  to  retrograde,  its 
jnotion  becomes  insensible. 

To  prove,  hy  the  planetarium,   the  truth  of  the  Cbr 
pernican,  and  absurdity  of  the  Ptolemaic  system. 

Of  allthe  prejudices  which  philosophy  contradicts, 
there  is  none  so  general  as  that  the  earth  keeps  its 
place  unmoved.  This  opinion  seems  to  be  univer- 
sal, till  it  is  cqrrficted  by  instmction,  or  by  philo- 
sophical spcQulation.  .  Those. >vho  have  any  tincture 
of  education,,  are  not  now  \h\  danger  of  being  held  by 
it ;  but  yet  they  find  ^t  first  a  reluctance  to  believe 
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that  thei^  are  antipodes^  that  the  earth  is  spherical, 
and  turns  round  its  axis  every  day,  and  round  the  sun 
every  vear.  They  can  recollect  the  time  when  reason 
struggled  with  prejudice  upon'  these  points,  and  pre- 
vailed at  length,  but  not  withont'some  efforts.''^ 

The  planetarium  gives  ocular  demonstration  of  the 
motion  of  the  earth  about  the  sun,  by  shewing  that 
it  is  thus  only  that  the  celestial  phenomena  can  be 
explained,  and  making  the  absurdity  of  the  Ptole- 
maic system  evident  to  the  senses  of  young  people. 
For  this  purpose,  take  off  the  brass  ball  which  repre- 
sents the  sun,  and  put  on  the  small  ivory  ball  J,  pi.  12, 
which  accompanies  the  instrument,  in  its  place,  to 
represent  the  earth,  and  place  a  small  brass  ball  a  for 
the  sun,  on  that  arni  which  carries  the  earth. 

Tlie  instrument  in  this  state  will  give  an  idea  of 
the  Ptolemaic  system,  with  the  earth  immoveable  in 
the  centre,  and  the  heavenly  bodies  revolving  about 
in  the  following  order :  Mercury,  Venus,  the  Sun, 
Mars,  Jupiter,  and  Saturn.  Now,  in  this  disposition 
of  the  planets,  several  circumstances  are  to  be  ob- 
served^ that  are  contrary  to  the  real  appearances  of  the 
celestial  motions,  and  which  therefore  prove  the 
falsity  of  this  system. 

It  will  appear  from  the  instrument,  that  on  this 
hypothesis  Mercury  and  Venus  could  never  be  seen 
to  go  behind  the  sun,  from  the  earth,  because  the 
orbits  of  both  of  them  are  contained  between  the  sun 
and  the  earth ;  but  these  planets  are  seen  to  go  as 

♦  i^/cTr  Essjfys  on'^thirlhtellcctual  Powprs  of  IMan-  "^ 

cr  4 
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often  behind  the  sun  as  before  it ;  we  may,  there- 
fore, from  hence  conclude  that  this  system  is  erro- 

,  It  is  also  apparent  in  the  planetarium,  that  on 
this  scheme  these  planets  might  be  seen  in  conjunc- 
tion with,  or  in  opposition  to,  the  sun,  or  at  any  dis- 
tance from  it.  But  this  is  contrary  to  experience, 
for  they  are  never  seen  in  opposition  to  the  sun, 
or  on  the  meridiau  of  London ;  for  instance,  at 
midnight,  nor  ever  recede  from  it  beyond  certain 
liipits. 

^.  Again,  on  the  Ptolemaic  system  all  the  planets 
^oi^cl  be  at  an  equal  distance  from  the  earth,  in  all 
parts  of  their  orbits,  and  would  therefore  necessarily 
appear  always  of  the  same  magnitude,  and  moving 
with  equal  and  uniform  velocities  in  one  direction  ; 
circi^mstances  which  are  known  to  be  repugnant  to 
observation  and  experience. 

To  reaiify  the  planetarium^  or  place  the  planets  in 
•  .:  their  trues  it  uat  Ions f  as  seen  from  the  sun, 

^fflThe  situations  of  the  planets  in  the  heavens  are 
accurately  calculated  by  astronomers,  and  published 
in  almanacks  appropriated  to  the  purpose,  as  the 
Nautical  Almanack,  Whiter  Epheuieris,  &c.  An 
ephemeri?  i»  a  diary  or  daily  register  ©f  the  motions 
^nd  places  of  the  l^eavenly  bodies,  shewing  the  situ- 
ation of  each  planet  at  1 2  o'clock  each  day..  These 
•ituations  it  exhibits,  both  as  seen  from  the  sun,  and 
from  the  earth  ;  but  as  for  the  former,  or  the  heli- 
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ocentric,  is  the  only  one  of  any  use  for  this  purpose, 
we  shall  liere  insert,  and  exphiin,  so  much  of  that 
part  of  Mr.  fJ'hiles  ephemeris,  as  will  enable  the 
pupil  to  rectify  his  planetarium. 
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In  the  foregoing  table,  for  May,  1 790,  you  have 
the  heliocentric  places  calculated  to  every  six  day« 
of  the  month,  which. is  sufficiently  accurate  for 
general  purposes.  Thus,  on  the  19th,  you  have 
Saturn^4n  28°  11^  of  Pisces,  Jupiter  3^  37'  of 
Virgo,  Mars  in  5°  20'  of  Libra,  the  Earth  28°  2^^' 
©f  Virgo,  Venus  7°  7'  of  Capricorn,  and  Mercury 
V  15'  of  Virgo ;  to  which  places  on  the  ecliptic  of 
the  planetarimn  the  several  planets  are  to  be  set, 
and  they  will  then  exhibit  their  real  situations, 
botlx  with  respect  to  the  sun  and  the  earth,  for  that 
day. 


T6  use  the  Instrument  as  a  tellurian^ plate  1 2j^g.  i. 

The  STHi,  the  earth,  and  the  moon,  are  bodies 
which,  from  our  connection  with  them,  are  so  in* 
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teresting  to  us,  that  it  is  necessary  to  enter  into  a 
minute  detail  of  their  respective  phenomena.  To 
render  this  instrument  a  tellurian,  all  the  planets 
are  first  to  be  taken  off,  the  piece  of  wheel-work, 
ABC,  is  to  be  placed  on  in  their  stead,  in  such  a 
manner  that  the  wheel  c  nay  fall  into  the  teeth 
that  are  cut  upon  the  edge  of  the  ecliptic.  The 
milled  nut,  D,  is  then  to  be  firmly  screwed  on,  to 
keep  the  wheel-work  firmly  in  its  place.  It  is  best 
to  place  this  wheel- work  in  such  a  manner,  that  the 
index  E  may  point  to  the  21  of  June,  and  then  to 
move  the  support  of  the  globe  so  that  the  north  pole 
may  be  turned  towards  the  sun,  or  the  F  of  Cancer. 

Tlie  instrument  will  tlien  shew,  in  an  accurate 
and  clear  manner,  all  the  phenomena  arising  from 
the  annual  and  diurnal  motion  of  the  earth  ;  as  the 
globe  is  of  three  inches  diameter,  all  the  continents, 
seas,  kingdoms,  &c.  may  be  distinctly  seen  ;  the 
equator,  the  ecliptic,  tropics,  and  other  circles,  are 
very  visible  ;  so  that  the  problems  relative  to  pecu- 
liar places  may  be  satisfactorily  solved  llie  axis 
of  the  earth  is  inclined  to  the  ecliptic  in  an  angle  of 
66^  degrees,  and  preserves  its  parallelism  during  the 
whole  of  its  revolution-  About  the  glbbe  there  is  a 
circle,  HI,  to  represent  the  terminator,  or.  boun- 
dary between  light  and  darkness,  dividing  the  en- 
lightened from  the  dark  hemisphere.  At  NO  is 
an  hour-circle,  to  determine  the  time  of  sun-risiqg 
or  setting,  lengths  of  days  and  nights,  &c. 

The  brass  index  G  represents  a  central  solar  ray ; 
it  serves  to  shew  when  it  is  noon,  or  when  the  sun 
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i«  upon  the  meridian  at  any  given  place ;  it  also 
shews  vvhat  sign  and  degree  of  the  ecliptic  on  the 
globe  the  sun  describes  on  any  day,  and  the  parallel 
it  describes. 

'i'he  plane  of  the  terminator,  HI,  passes  through 
the  centre  of  the  earth,  and  is  perpendicular  to  the 
central  solar  ray.  The  index  E  points  out  the  sun's 
place  in  the  ecliptic  circle  for  any  given  day  in  the 
year. 

To  €xj)latn  the  changes  of  seasons  hy  the  tellurian. 

Before  I  shew  how  the  seasons  are  explained  by 
the  instrument,  it  is  necessary  to  assume  two  pro- 
positions; 1.  That  a  globular  luminous  body, 
sending  out  parallel  rays  of  light,  will  only  en- 
lighten one  half  of  another  globe,,  and  that  of  course 
will  be  the  hemisphere  turned  towards  the  lumi- 
nous body.  2.  That  the  earth  moves  round  the 
sun  in  such  a  manner,  that  in  all  parts  of  its  orbit  its 
axi§  i^,  parallel  to  itself,  and  has  a  certain  inclina- 
tion to  the  plane  of  the  orbit.  These  being  under- 
stood, the  first  thing  to  be  done  is  to  rectify  the  tel- 
lurian ;  or,  in  other  words,  to  put  the  globe  into  a 
position  similar  to  that  of  the  earth,  for  any  given 
day.  Thus,  to  rectify  the  tellurian  for  the  2 1st  of 
June,  turn  the  handle  till  the  annual  index  comes 
to  the  given  day  ;  then  move  the  globe  by  the  arm 
KL,  so  that  the  north  pole  may  be  turned  towards 
the  sun  ;  and  adjust  the  terminator,  so  that  it  may 
just  touch  the  edge  of  the  arctic  circle.     The  globe 
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is  then  in  the  situation  of  the  earth  for  the  longest 
day  in  our  northern  hemisphere,  the  annual  index 
pointing  to  the  first  point  of  Cancer,  and  the  21st 
of  June  ;  bring  the  meridian  of  London  to  coincide 
with  the  central  solar  ray,  and  move  the  hour- 
circle,  NO,  till  the  index  points  to  XH  ;  we  then 
have  the  sitiiation  of  London  with  respect  to  the 
longest  day. 

Now,  on  gently  turning  the  handle  of  the  ma- 
diine,  the  point  representing  London  will,  by  the 
rotation  of  the  earth,  be  carried  away  towards  the 
east,  while  the  sun  seems  to  move  westward ;  and 
when  London  has  arrived  at  the  eastern  part  of  the 
terminator,  the  index  will  point  on  the  hour  circle 
the  time  of  sun-setting  for  that  day ;  continue  to 
turn  on,  and  London  will  move  in  the  shaded  part 
of  the  earth,  on  the  other  side  of  the  terminator ; 
when  the  index  is  again  at  XII,  it  is  midnight  at 
London :  ty  moving  on,  London  will  emerge  from 
the  western  side  of  the  terminator,  and  the  index 
will  point  out  the  time  of  sun-rising,  the  sun  at 
that  instant  appearing  to  rise  above  the  horizon  in 
the  east  to  an  inhabitant  of  London. 

It  will  be  evident  by  the  instrument,  while  in 
this  position,  that  the  central  solar  ray,  during  tlie 
whole  revolution  of  the  earth  on  its  axis,  only  points 
to  the  tropic  of  Cancer,  and  that  the  sun  is  vertical 
to  no  other  parts  of  the  earth,  but  those  which  are 
under  this  tropic. 

By  observing  how  the  terminator  cuts  the  several 
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parallels  of  the  globe,  we  shall  find  that  all  those  be- 
tween the  northern  and  southern  polar  circles,  ex- 
cept the  equator,  are  divided  unequally  into  diurnal 
and  nocturnal  arches,  the  former  being  greatest  on 
the  north  side  of  the  equator,  and  the  latter  on  the 
south  side  of  it. 

In   this   position,    the   northern    polar  circle   is 
wholly  on  that  side  the  terminator  which  is  nearest 
the  sun,  and  therefore  altogether  in  the  enlightened 
hemisphere,    and   the   inhabitants  thereof  enjoy  a 
continual  day.     In  the  same  manner,  the  inhabi- 
tants of  the  southern  polar  circle  continue  in  the 
dark  at  this  time,  notwithstanding  the  diurnal  re- 
volution of  the  earth  ;  it  is  the  annual  motion  only 
which  can  relieve  them  from  this  situation  of  per- 
petual darkness,  and  bring  to  them  the  blessings  of 
day,    and    the    enjoyments  of  summer ;  while    in 
this  state,    the  inhabitants    of   north    latitude    are 
nearest  to  the  central  solar  ray,  and  consequently 
to  the  sun's  perpendicular  beams,  and  of  course  a 
greater  number  of  his  rays  will  fall  upon  any  given 
place,  than  at  any  other  time  ;  the  sun's  rays  do 
now  also  pass  through  a  less  quantity  of  the  atmos- 
phere, which,  together  with  the  length  of  the  day 
and  the  shortness  of  the  night,  are  the  reasons  of 
the  increase  of  heat  in  summer,  together  with  all  its 
other  delightful  effects. 

While  the  earth  continues  to  turn  round  on  its 
own  axis  once  a  day,  it  is  continually  advancing 
from  west  to  east,  according  to  the  order  of  the 
signs,  as  is  seen  by    the    progress  of  the  annual 
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index  E,  which  points  successively  to  all  the  signji 
and  degrees  of  the  echptic :  the  sun  in  the  mean 
time  seems  to  describe  the  echptic  also,  going  from 
west  to  east,  at  the  distance  of  six  signs  from  the 
earth  ;  that  is,  when  the  earth  really  sets  out  from 
the  first  point  of  Capricorn,  the  sun  seems  to  set 
out  from  the  first  point  of  Cancer,  as  is  plain  from 
the  index  : 

But  as,  during  the  annual  revolution  of  the  earth, 
the  axis  always  remains  parallel  to  it&:elf,  the  situa- 
tion of  this  axis,  with  respect  to  the  sun,  must  be 
continually  changing. 

As  the  earth  moves  on  in  the -ecliptic,  the  northern 
polar  circle  gets  gradually  under  the  terminator,  so 
that  when  the  earth  has  arrived  at  the  first  point  of 
Aries,  and  the  annual  index  is  at  the  first  point  of 
Libra  on  the  2 2d  of  September,  this  circle  is  divided 
into  two  equal  parts  by  the  terminator,  as  is  also 
every  other  parallel  circle,  and  consequently  the 
diurnal  and  nocturnal  arches  are  equal :  this  is  called 
the  time  of  equinox,  the  days  and  nights  are  then 
equal  all  over  the  earth,  being  each  of  them  12  hours 
long,  as  will  be  seen  by  the  horary  index  L.  The 
central  solar  ray  G,  having  successively  pointed  to 
all  the  parallels  that  may  be  supposed  to  be  be- 
tween the  equator  and  the  tropic  of  Cancer,  is  at 
this  period  perpendicular  to  th^  inhabitants  that 
live  at  the  equator. 

By  continuing  to  turn  the  handle,  the  earth  ad- 
vances in  the  ecliptic,  and  the  terminator  shews  how 
the  days  are  continually  decreasing,  and  the  diurnal 
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arches  shoitening,  till  by  degrees  the  whole  space 
contained  by  the  northern  polar  circle  is  on  that 
side  of  the  terminator  which  is  opposite  to  the  sun, 
which  happens  when  the  earth  is  got  to  the  first  point 
of  Cancer,  and  the  annual  index  is  at  the  first  point 
of  Capricorn,  on  the  21st  of  December.  In  this 
state  of  the  globe,  the  northern  polar  circle,  and  all 
the  country  within  that  space,  have  no  day  at  all ; 
whilst  the  inhabitants  that  live  within  the  southern 
polar  circle,  being  on  that  side  the  terminator  which 
is  next  the  sun,  enjoy  perpetual  day.  By  this, 
and  the  former  situation  of  the  earth,  the  pupil  will 
observe  that  there  are  nations  to  whom  a  great  por- 
tion of  the  year  is  darkness,  who  are  condemned  to 
pass  weeks  and  months  without  the  benign  influence 
of  the  solar  rays.  The  central  solar  ray  is  now  per- 
pendicular to  the  tropic  of  Capricorn ;  the  length 
©f  the  days  is  now  inversely  what  it  was  when  the 
sun  entered  Cancer,  the  days  being  now  at  their 
shortest  and  nights  longest  in  the  northern  hemi- 
sphere ;  the  length  of  each  is  pointed  out  by  the 
horary  index. 

'  The  earth  being  again  carried  on  till  it  enter* 
Libra,  and  the  sun  Aries,  we  shall  again  have  all 
the  phenomena  of  the  equinoctial  seasons.  The 
terminator  will  divide  all  the  parallels  into  two 
equal  parts  ;  the  poles  will  again  be  in  the  plane  of 
the  terminator,  and  consequently,  as  the  globe  re- 
volves, every  place  from  pole  to  pole  will  describe 
an  equal  arch  in  the  enlightened  and  obscure  her 
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mispheres,  entering  into  and  going  out  of  each  ex- 
actly at  six  o'clock,  as  shewn  by  the  hour-irdex. 

As  the  earth  advances,  more  of  the  northern 
polar  circle  comes  into  the  illuminated  hemisphere, 
and  consequently  the  days  increase  with  us,  while 
those  on  the  other  side  of  the  equator  decrease, 
till  the  earth  arrives  at  the  first  point  of  Capricorn, 
the  place  from  which  we  first  began  to  make  our 
observations. 


To  explain  the  phe7207nena  that  tahe  place  in  a  pa- 
rallel, direct,  and  right  sphere. 

Take  off  the  globe  and  its  terminator,  and  put 
on  in  its  place  the  globe  which  accompanies  the 
instrument,  and  which  is  furnished  with  a  meridian, 
horizon,  and  quadrant  of  altitude ;  the  edg-e  of  the 
horizon  is  graduated  from  east  and  west  to  the 
north  and  south  points,  and  within  these  divisions 
are  the  points  of  the  compass  to  the  under  side  of 
this  horizon;  but  at  18  degrees  from  it  another 
circle  is  affixed,  to  represent  the  twilight  circle; 
the  meridian  is  graduated  like  the  meridian  of  a 
globe ;  the  quadrant  of  altitude  is  divided  into 
degrees,  beginning  at  the  zenith,  and  finishing  at 
the  horizon.* 

♦  We  now  more  properly  apply  the  moveable  hori/.f)n,  &c.  to 
all  the  3-inch  globes  of  these  sort  of  orreries,  so  that  the  trouble 
•f  changmg  the  globe  is  done  away.     Edit. 
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This,  globe,  if  the  horizon  be  differently  set  with 
respect  to  the  solar  ray,  will  exhibit  the  various  phe- 
nomena arising  from  the  situation  of  the  horizon 
with  respect  to  the  sun,  either  in  a  right,  a  parallel, 
or  an  oblique  sphere ;  or,  having  set  the  horizon 
to  any  place,  you  will  see  by  the  central  solar 
ray  how  long  the  sun  is  above  or  below  the  ho- 
rizon of  that  place,  and  at  what  point  of  the  com- 
pass he  rises,  his  meridian  altitude,  and  many  other 
curious  particulars,  of  which  we  shall  give  a  few 
examples. 

Set  the  horizon  to  coincide  with  the  equator, 
and  place  the  earth  in  the  first  point  of  Libra  ;  then 
will  the  globe  be  in  the  position  of  a  parallel  sphere, 
and  of  the  inhabitants  of  the  poles  at  that  season 
of  the  year,  which  inhabitants  are  represented  by  the 
pin  at  the  upper,  or  90°,  part  of  the  quadrant  of  alti- 
tude :  the  handle  being  turned  round  gently,  the 
earth  will  revolve  upon  its  axis,  and  the  solar  ray  will 
coincide  with  the  horizon,  without  deviating  in  the 
least  to  the  north  or  south  ;  shewing,  that  on  the  21st 
of  March  the  sun  does  not  appear  to  rise  or  set  to  the 
terrestrial  poles,  but  passes  round  through  all  the 
points  of  the  compass^  the  plane  of  the  horizon  bi-r 
secting  the  sun's  disc. 

Now  place  the  horizon  so  that  it  may  coincide 
with  the  poles,  and  the  pin,  or  90°,  representing  an 
inhabitant,  be  over  the  equator;  the  globe  in  this 
position  is  said  to  be  in  that  of  a  right  sphere ;  the 
equator  and  all  the  parallels  of  latitude  are  at 
right  angles,  or  perpendicular  to  the  horizon ;  by 
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turning  die  handle  till  the  earth  has  completed  a 
year,  or  one  revolution  about  the  sun,  we  shall 
perceive  all  the  solar  phenomena  as  they  happen 
to  an  inhabitant  of  the  equator ;  which  are,  1.  That 
the  sun  rises  at  six  and  sets  at  six  throughout  the 
year,  so  that  the  days  and  nights  there  are  perpe- 
tually equal.  2.  That  on  the  21st  of  March  and 
23d  of  September,  the  sun  is  in  the  zenith,  or 
exactly  over  the  heads  of  the  inhabitants.  3.  That 
one  half  of  the  year,  between  March  and  Septem- 
ber, the  sun  is  every  day  full  north ;  and  the  other 
half,  between  September  and  March,  is  full  south 
of  the  equator,  his  meridian  altitude  being  never  less 
than  66^  degrees. 

If  the  pin,  or  90*^,  representing  an  inhabitant  be 
now  removed  out  of  the  equator,  and  set  upon  any 
place  between  it  and  the  poles,  the  horizon  will  not 
then  pass  through  either  of  the  poles,  nor  coincide 
with  the  equator,  but  cut  it  obliquely,  one  half  being 
above,  the  other  half  below  the  horizon  ;  the  globe 
in  this  state  is  said  to  be  in  that  of  an  oblique 
sphere,  of  which  there  are  as  many  varieties,  ay 
there  are  places  between  the  equator  and  either 
pole.  But  one  example  will  be  sufficient;  for 
whatever  appearance  happens  to  one  place,  the 
same,  as  to  kind,  happens  to  every  other  place,  dif- 
fering only  in  degree,  as  the  latitudes  differ.  Bring 
the  pin,  therefore,  over  London,  then  will  the  ho- 
rizon represent  the  horizon  of  London,  and  in  one 
revolution  of  the  earth  round  the  sun,  we  shall  have 
all  the  «oUr  appearances  through  the  four  seasons 
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clearly  exhibited,  as  they  really  are  in  nature ;  that 
%  the  earth  standing  at  the  first  degree  of  Libra, 
and  the  sun  then  entering  into  Aries,  the  meridian 
turned  into  the  solar  ray,  and  the  hour  index  set  to 
XII,  you  will  then  have  the  globe  standing  in  the 
same  position  towards  the  sun,  as  our  earth  does  at 
noon  on  the  2 1  st  of  March.  If  the  handle  be  turned 
round,  when  the  solar  ray  comes  to  the  western 
edge  of  the  horizon,  the  hour  index  will  point  to 
VI,  which  shews  the  time  of  sun-setting ;  London 
then  passes  into,  and  continues  in  darkness,  till 
the  hour  index  having  passed  over  XII  hours,  comes 
again  to  VI,  at  which  time  the  solar  ray  gains  the 
eastern  edge  of  the  horizon,  thereby  defining  the 
time  of  sun-rising  ;  six  hours  afterwards  the  meri- 
dian again  comes  to  the  solar  ray,  and  the  hour  in- 
dex points  to  XII,  thereby  evidently  demonstrating 
the  equality  of  the  day  and  night,  when  the  sun  is  in 
the  equinoctial.  You  may  then  also  observe,  that 
the  sun  rises  due  east,  and  sets  due  west. 

Continuing  to  move  the  handle,  you  will  find 
that  the  solar  ray  declines  from  the  equator  towards 
the  north,  and  every  day  at  noon  rises  higher  upon 
the  graduations  of  the  meridian  than  it  did  before^ 
continually  approaching  to  London,  the  days  at  the 
same  time  growing  longer  and  longer,  and  the  sun 
rising  and  settinc^  more  and  more  towards  the  north, 
till  the  21st  of  June,  when  the  earth  gets  in  the 
first  degree  of  Capricorn,  and  the  sun  appears  in 
the  tropic  of  Cancer,  rising  about  40  min.  past 
in  in  tlie  morning,  and  setting  about  20  min.  past 
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Vm  in  the  evening ;  and  after  continuing  about 
seven  hours  in  the  nether  hemisphere,  appears 
rising  in  the  north  east,  as  before.  From  the  21st 
of  June  to  the  22d  of  September,  the  sun  re- 
cedes to  the  south,  and  the  days  gradually  decrease 
to  the  autumnal  equinox,  when  they  again  become 
equal. 

M  During  the  three  succeeding  months,  the  sun 
continues  to  decline  towards  the  south  pole,  till  the 
21st  of  December,  when  the  sun  enters  the  tropic 
of  Capricorn,  rising  to  the  south-east  point  of  the 
compass  about  20  min  past  VIII  in  the  morning, 
and  setting  about  40  min.  past  III  in  the  evening, 
at  the  south-west  point  upon  the  horizon  :  after 
which,  the  sun  continues  in  the  dark  hemisphere 
for  17  hours,  and  then  appears  again  in  the  south- 
east as  before.  From  this  chill  solstice  the  sun 
returns  towards  the  north,  and  the  days  conti- 
nually increase  in  length  till  the  vernal  equinox, 
when  all  things  are  restored  to  the  same  order  as  at 
the  beginning. 

Thus  all  the  varieties  of  the  seasons,  the  time 
of  sun-rising  and  setting,  and  at  what  point  of  the 
compass,  as  also  the  meridia\i  altitude  and  decli^ 
nation  every  day  of  the  year,  and  duration  of  twi- 
light, and  to  what  place  the  sun  is  at  any  time 
vertical,  are  fully  exemplified  by  this  globe  and  its 
apparatus. 

Before  we  quit  the  phenomena  particularly  arising 
from  the  motion  and  position  of  the  earth,  let  the 
globe,  with  the  meridian  and  horizon,  be  removed. 
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and  the  ivory  ball  which  fits  upon  a  pin  be  placed 
thereon,  to  represent  the  earth. 

As  the  axis  of  this  globe  stands  perpendicular  to 
the  plane  of  the  ecliptic,  you  will  find  that  the  solar 
ray  continually  points  to  the  equator  of  this  little 
ball,  and  will  never  deviate  to  the  north  or  south  ; 
though,  by  turning  the  handle,  the  ball  is  made  to 
complete  a  revolution  round  the  sun.  This  shews, 
that  the  earth  in  this  position  would  have  the  days 
and  nights  equal  in  every  part  of  the  globe,  all  the 
year  long ;  there  would  have  been  no  difference  in 
the  climates  of  the  earth  ;  no  distinctions  of  seasons  ; 
an  eternal  summer,  or  never  ceasing  winter,  would 
have  been  our  portion  ;  an  unvaried  sameness,  that 
w^ould  have  limited  inquiry,  and  satiated  curiosity ; 
and  that  the  variety  of  the  seasons  is  owing  to  its 
axis  being  inclined  to  the  plane  of  its  orbit. 

An  explanation  of  the  causes  of  the  vicissitudes  of 
the  seasons,  so  naturally  introduces  the  following  re- 
flections of  Mr.  Cowper,  in  his  Winter  s  Walk,  that 
I  hope  they  will  not  be  deemed  impertinent,  either 
by  the  tutor  or  his  pupil. 

What  prodigies  can  power  divine  perform  ' 

More  grand  than  it  produces  year  by  year, 
And  all  in  sight  of  inattentive  man  ? 
Familiar  with  th'  ellect  we  slight  the  cause. 
And,  in  the  constancy  of  natute's  course. 
The  regul^jr  return  pf  genial  months. 
And  renovation  of  a  faded  world. 
See  nought  to  wonder  at.    Should  God  again. 
As  once  in  Gibeon,  interrupt  the  race 
Of  the  undeviating  and  punctual  sun, 
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How  would  the  world  admire !  but  speaks  it  less 
An  agency  divine,  to  make  liim  know 
His  moment  when  to  sink,  and  when  to  rise. 
Age  after  age,  than  to  arrest  his  course  ? 
All  we  behold  is  miracle ;  but  seen 
So  duly,  all  is  miracle  in  vain. 
Where  now  the  vital  energy  that  mov'd. 
While  summer  waS,  the  pure  and  subtle  lymph 
Through  th'  imperceptible  meandering  veins 
Of  leaf  and  flower?  It  sleeps,  and  ih'  icy  touch 
Of  unprolific  winter  has  impress'd 
A  cold  stagnation  on  th'  intestine  tide; 
But  let  the  months  go  round,  a  few  short  months. 
And  all  shall  be  restor'd.    These  naked  shoots. 
Barren  as  hnces,  among  which  the  wind 
Makes  wintry  music,  sighing  as  it  goes. 
Shall  put  their  graceful  foliage  on  again; 
And  more  aspiring,  and  with  ampler  spread. 
Shall  boast  new  charms  and  more  than  they  have  lost 
♦  ****♦ 

And  all  this  uniform,  uncolour'd  scene 

Shall  be  dismantled  of  its  fleecy  load. 

And  flush  into  variety  again, 

From  dearth  to  plenty,  and  from  death  to  life. 

Is  nature's  progress  when  she  lectures  man 

.in  heavenly  truth ;  evincing,  as  she  makes 

The  grand  transition,  that  there  lives  and  works 

A  soul  in  all  things,  and  that  soul  is  God. 

The  beauties  of  the  wilderness  are  his. 

That  makes  so  gay  the  solitary  place. 

Where  no  eye  sees  them.    And  the  fairer  forms. 

That  cultivation  glories  in,  are  his. 

He  sets  the  bright  procession  on  its  way. 

And  marshals  all  the  order  of  the  year. 

He  feeds  the  secret  fire 
By  which  the  mighty  process  is  maintain'dv 
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Who  sleeps  not,  is  not  weary  ;  in  whose  sight 
Slow  circling  ages  are  as  transient  days; 
Whose  work  is  without  labour ;  whose  designs 
Ko  flaw  deforms,  no  difllcuity  thwarts; 
And  whose  beneficence  no  change  exhausts. 
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Having  thus  illustrated  the  phenomena,  which 
arise  particularly  from  the  inclination  of  the  earth*s 
axis  to  the  plane  of  the  ecliptic,  from  its  rotation 
round  its  axis,  and  revolution  round  the  sun ;  I  now 
proceed  to  explain,  by  this  instrument,  the  pheno- 
mena of  the  moon.  But  in  order  to  this,  it  will  be 
necessary  to  speak  first  of  the  instrument,  which  is 
put  in  motion,  like  the  preceding  one,  by  the  te^ith 
of  the  fixed  wheel ;  it  is  also  to  be  placed  upon  the 
same  socket  as  the  tellurian,  and  confined  down  by 
the  same  milled  nut. 

The  sloping  ring  DQ  represents  the  plane  of  the 
moon's  orbit,  or  path,  round  the  earth ;  so  that  the 
moon,  in  her  revolution  round  the  earth,  <loes  not 
move  parallel  to  the  plane  of  the  ecliptic,  but  on 
this  inclined  plane ;  the  two  points  of  this  plane, 
that  are  connected  by  the  brass  wire,  are  the  nodes, 
one  of  which  is  marked  ft,  for  the  ascending  node, 
the  other  75  ^  ^^or  the  descending  node.  The  moon 
is,  therefore,  sometimes  on  the  north,  and  some- 
times on  the  south  side  of  the  ecliptic,  which  devi- 
ations from  the  ecliptic  are  called  her  north  or  south 
latitude ;  h«r  greatest  deviation,  which  is  when  she 
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is  at  her  highest  and  lowest  points,  called  her  limits, 
is  6  deg.  18  min.  ;  this,  with  all  the  other  interme- 
diate degrees  of  latitude,  are  engraved  on  this  ring, 
beginning  at  the  nodes,  and  numbered  both  ways 
from  them.  At  each  side  of  the  nodes,  and  at  about 
18  deg.  distant  from  them,  we  find  this  mark  O, 
and  at  about  12  deg.  this  ]),  to  indicate  that  when 
the  full  moon  has  got  as  far  from  the  nodes  as  the 
liiark  > ,  there  can  be  no  eclipse  of  the  moon,  nor 
any  eclipse  of  the  sun ;  when  the  new  moon  has 
passed  the  mark  O ,  these  points  are  generally  term- 
ed the  limits  of  eclipses.  The  nodes  of  the  moon 
do  not  remain  fixed  at  the  same  point  of  the  .eclip- 
tic, but  have  a  motion  contrary  to  the  order  of  tht 
signs. 

TX  is  a  small  circle  parallel  to  the  ecliptic  ;  it  is 
divided  into  12  signs,  and  each  sign  into  30  deg. ; 
tbis  circle  is  moveable. in  its  socket,  and  is  to  be  set 
by  hand,  so  that  the  same  sign  may  he  opposite  to 
the  sun,  that  is  marked  out  by  the  annual  index. 
These  signs  always  keep  parallel  to  themselves,  as 
they  go  round  the  sun ;  but  the  inclined  plane  with 
its  no4es .  go  b^ick wards,  so  that  each  node  recedes 
through  all  the  above  signs  in  about  19  years.  RS 
is  a  circle,  on  which  are  divided  the  days  of  the 
moon's  age ;  XY  is  an  ellipsis,  to  represent  the 
inoon's  elliptical  orbit,  the  direct  motion  of  the 
apogee,  or  the  line  of  the  apsides,  with  the  situation 
of  the  elliptical  orbit  of  the  moon,  and  place  of  thg 
5ij)og<^^  iu  th<4,^cJiptj,C;i|fe^U  times. 
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To  rectify  the  Lwiarium. 

Set  the  annual  index  on  the  large  ecliptic,  to  the 
first  of  Capricorn ;  then  turn  the  plate^  with  the 
moon's  signs  upon  it,  until  the  beginning  of  Capri- 
corn points  directly  at  the  sun  ;  turn  the  handle  till 
the  annual  index  comes  to  the  first  of  January  ;  then 
find  the  place  of  the  north  node  in  an  ephemeris, 
to  which  place  among  the  moon's  signs,  set  the  north 
node  of  her  inclined  orbit,  by  turning  it  till  it  is  in 
its  proper  place  in  the  circle  of  signs ;  set  the  moon 
to  the  day  of  her  age. 


GENERAL   PHENOMENA    OF  THE    MOON. 

Having  rectified  the  lunarium  for  use,  on  putting 
it  into  motion  it  will  be  evident, 

1.  That  the  moon,  by  the  mechanism  of  the  in- 
strument, always  moves  in  an  orbit  inclined  to  that 
of  the  ecliptic,  and  consequently  in  an  orbit  ana- 
logous to  that  in  which  the  moon  moves  in  the 
heavens. 

2.  That  she  moves  from  west  to  east. 

3.  That  the  white  or  illuminated  face  of  the  moon 
is  always  turned  towards  the  sun. 

4.  That  the  nodes  have  a  revolution  contrary  to 
the  order  of  the  signs,  that  is,  from  Aries  to  Pisces ; 
that  this  revolution  is  performed  in  about  I9  years, 
»s  in  nature. 
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5.  That  the  moon's  rotation  upon  her  axis  is 
effected  and  completed  in  about  2J^  days,  whereas 
it  is  29^  days  from  one  conjunction  with  the  sun  to 
the  next. 

6.  That  every  part  of  the  moon  is  turned  to  the 
sun,  in  the  space  of  her  monthly  or  periodic  revo- 
lution. 

To  be  more  particular.  On  turning  the  handle, 
you  will  observe  another  motion  of  the  earth,  which 
has  not  yet  been  spoken  of,  namely,  its  monthly 
motion  about  the  common  centre  of  gravity  between 
the  earth  and  moon,  which  centre  of  gravity  is  re- 
presented by  the  pin  'Z.  From  hence  we  learn,  that 
it  is  not  the  centre  of  the  earth  which  describes  what 
is  called  the  annual  orbit,  but  the  centre  of  gravity 
between  the  earth  and  the  moon,  and  that  the  earth 
has  an  irregular,  vermicular,  or  spiral  motion  about 
this  centre,  so  that  it  is  every  month  at  one  time 
nearer  to,  at  another  further  from,  the  sun.  It  is 
evident  from  the  instrument,  that  the  moon  does  not 
regard  the  centre  of  the  earth,  but  the  centre  of  gra- 
vity, as  the  centre  of  her  proper  motion  ;  that  the  cen^ 
tre  of  the  earth  is  furthest  from  the  sun  at  new-moon, 
and  nearest  at  the  full-moon  ;  that  in  the  quadratures 
the  monthly  parallax  of  the  earth  is  so  sensible,  as  to 
require  a  particular  equation  in  astronomical  tables, 
These  particulars  were  first  applied  to  the  orrery, 
by  the  late  learned  and  ingenious  Mr.  Benjamin 
Martin, 
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To  explain  the  phases  of  the  Moon, 

The  moon  assumes  different  phases  to  us,  1,  on 
account  of  her  globular  figure:  2,  on  account  of 
the  motion  in  her  orbit,  between  the  earth  and  the 
sun,  for  whenever  the  moon  is  between  the  earth  and 
the  sun,  we  call  it  new-moon,  the  enlightened  part 
being  then  turned  from  us ;  but  when  the  earth  is 
between  the  sun  and  the  moon,  w^e  then  call  it  full- 
moon,  the  whole  of  the  enlightened  part  being  then 
turned  towards  us. 

The  phases  of  the  moon  are  clearly  exhibited  in 
this  instrument ;  for  we  here  see,  that  the  half  which 
is  opposite  to  the  sun  is  always  dark,  while  that  next 
to  the  sun  is  white,  to  represent  the  illuminated 
part.  Thus,  when  it  is  new-moon,  you  will  see  the 
whole  white  part  next  the  sun,  and  the  dark  part 
turned  towards  the  earth,  shewing  thereby  its  dis- 
appearance, or  the  time  of  its  conjunction  and 
change :  6n  turning  the  handle,  a  small  portion  of 
the  white  part  will  begin  to  be  seen  from  the  earth, 
which  portion  will  increase  towards  the  end  of  the 
seventh  day,  when  you  will  perceive  that  half  of 
the  light,  and  half  of  the  dark  side  is  turned  to- 
wards the  earth,  thus  illustrating  the  appearance  of 
the  moon  at  the  first  quarter.  From  hence  the  lig^jt 
side  will  continually  shew  itself  more  and  more  in  a 
gibbous  form,  till  at  the  end  of  fourteen  days  the 
Whole  white  side  will  be  turned  towards  the  earth^^ 
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and  the  dark  side  from  it,  the  earth  now  standing  in 
a  hne  between  the  sun  and  moon ;  and  thus  the  in- 
strument explains  the  opposition,  or  full-moon.  On 
turning  the  handle  again,  some  of  the  shaded  part 
will  begin  to  turn  towards  the  earth,  and  the  white 
side  to  turn  away  from  it,  decreasing  in  a  gibbous 
form  till  the  last  quarter,  when  the  moon  will  ap- 
pear again  as  a  crescent,  which  she  preserves  till  she 
has  attained  another  conjunction. 

In  this  lunarium  the  moon  has  always  the  same 
fage  or  side  to  the  earth,  as  is  evident  from  the  spots 
delineated  on  the  surface  of  the  ivory  ball,, revolving 
about  its  axis,  in  the  course  of  one  revolution  round 
the  earth ;  inconsequence  of,  which  the  light  and 
dark  parts  of  the  moon  appear  permanent  to  us,  and 
the  phases-are  shewp  as  they  appear  in  the  heavens. 

The  tutor  will  be  enabled,  by  this  instrument,  to 
explain  some  other  circumstances  to  his  pupil;  name- 
ly, that  as  the  earth  turns  round  on  its  axis  once  in 
24  hOjUrs,  it  n^ust  ijithj^ttime  exhibit  every  part  of 
its  surface  to  the  inhabitants  of  the  moon,  and  there- 
fore its  luminous  and  opake  parts  will  be  seen  by 
them  in  constant  rotation.  As  that  half  of  the  earth 
which  is  opposed  to  the  sun  is  always  dark,  the  earth 
will  exhibit  the  same  phases  to  the  lunarians  that  we 
do  to  them,  orly  in  a  contrary  order,  that  when  the 
moon  is  new  to  us,  we  shall  be  full  to  them,  and 
vice  versa.  But  as  one  hemisphere  only  of  th6  moon 
is  ever  turped  towards  us,  it  is  only  those  that  are 
in  this  hemisphere  that  can  see  us ;  our  earth  will 
appear  to  them  always  in  one  place,  or  fixed  in  the 
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eame  part  of  the  heavens  :  the  lunarians  and  the  op- 
posite hemisphere  never  see  our  earth,  n©r  do  we  ever 
view  thai  part  of  the  moon  which  they  inhabit.  The 
moon's  ai^parent  diurnal  motion  in  the  heavens  is 
produced  by  the  daily  revolution  of  our  earth. 

If  we  consider  the  moon  with  respect  to  the  sun, 
the  instrument  shews  plainly  that  one  half  of  her 
globe  is  always  enlightened  by  the  sun  ;  that  every 
part  of  the  lunar  ball  is  turned  to  the  sun^  in  the 
space  of  her  monthly  or  periodic  revolution  ;  and 
that  therefore  the  length  of  the  day^and  night  in  the 
moon  is  always  the  same,  and  equal  to  14|  of  our  day. 
When  the  sun  sets  to  the  lunarians  in  that  hemisphere 
next  the  earth,  the  terrestrial  moon  rises  to  them, 
and  they  can  therefore  never  have  any  dark  night ; 
while  those  in  the  other  hemisphere  can  have  no 
light  by  night,  but  what  the  stars  afford. 

Of  the  periodical  and  synodical  month 

The  difference  between  the  periodical  month,  in 
whi<;h  the  moon  exactly  describes  the  ecliptic,  and 
the  synodical,  or  time  between  any  two  new-moons, 
is  here  rendered  very  evident.  To  shew  this  dif- 
ference, observe  at  any  new-moon  her  place  in  the 
ecliptic,  then  turn  the  handle,  and  when  the  moon 
has  got  to  the  same  point  in  the  ecliptic,  you  will 
lee  that  the  dial  shews  274-  days,  and  the  moon  has 
finished  her  periodic  revolution.  But  the  earth,  at 
the  same  time,  having  advanced  in  its  annual  path 
about  27  degrees  of  the  ecliptic,  the  moon  will  not 
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have  got  round  in  a  direct  line  v/ith  the  siin,  but 
will  require  28  days  and  4  hours  more,  to  bring  it 
into  conjunction  with  the  sun  again. 


Of  eclipses  of  the  Sun  and  Moon* 

There  is  nothing  in  astronomy  more  worthy  of 
our  contemplation,  nor  any  thing  more  sublime  iti 
natural  knowledge,  than  rightly  lo  comprehend  those 
sudden  obscurations  of  the  heavenly  bodies  that  are 
termed  eclipses,  and  the  accuracy  with  which  they 
are  now  foretold.  "  One  of  the  chief  advantages 
derived  by  the  present  generation,  from  the  improve- 
ment and  diffusion  of  philosophy,  is  delivery  from 
unnecessary  terror,  and  exemption  from  false  alarms. 
The  unusual  appearances,  whether  regular  or  acci- 
dental, which  Once  spread  consternation  over  ages 
of  ignorance,  are  now  tlie  recreations  of  inquisitive 
security.  The  sun  is  no  more  lamented  when  it 
is  eclipsed,  than  when  it  sets  ;  and  meteors  play 
their  <;prruscations  without  prognostic  or  predic- 
tion." 

I  have  already  observed,  that  the  sun  is  the  only 
real  luminary  in  the  solar  system,  and  that  none  of 
the  other  planets  emit  any  light  but  what  they  have 
received  from  the  sun  ;  that  the  hemisphere  which 
is  turned  towards  the  sun  is  illuminated  by  his  rays, 
while  the  other  side  is  involved  in  darkness,  and  pro- 
jects a  shadow,  which  arises  from  the  luminous 
body. 
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When  the  shadow  of  the  earth  falls  upon  the  moon, 
it  causes  an  eclipse  of  the  moon ;  when  the  shadow 
of  the  moon  falls  upon  the  earth,  it  causes  an  eclipse 
of  the  sun. 

An  echpse  of  the  moon,  therefore,  never  happens 
but  when  the  earth's  opake  body  interposes  between 
the  sun  and  the  moon,  that  is,  at  the  full-moon  ;  and 
an  eclipse  of  the  sun  never  happens  but  when  the 
moon  comes  in  a  line  between  the  earth  and  the  sun^ 
that  is,  at  the  new-moon. 

From  what  we  have  already  seen  by  the  instru- 
ment, it  appears,  that  the  moon  is  once  every  month 
in  conjunction,  and  once  in  opposition ;  from  hence 
it  would  appear,  that  there  ought  to  be  two  echpses, 
one  of  the  sun,  the  other  of  the  moon,  every  month ; 
but  this  is  not  the  case,  and  for  two  reasons  :  first, 
because  the  orbit  of  the  moon  is  inclined  in  an  an- 
gle of  about  5  degrees  to  the  plane  of  the  ecliptic  ; 
and  secondly,  because  the  nodes  of  this  orbit  have  a 
progressive  motion,  which  causes  them  to  change 
their  place  every  lunation.  Hence  it  often  happens, 
that  at  the  times  of  opposition  or  conjunction,  the 
moon  has  so  much  latitude,  or,  what  is  the  same 
thing,  is  so  much  below  or  above  the  plane  of  the 
ecliptic,  that  the  light  of  the  sun  will,  in  the  first 
case,  reacli  the  moon,  without  any  obstacle,  and  in 
the  other  the  earth  ;  but  as  the  nodes  are  not  fixed, 
but  run  successively  through  all  the  signs  of  the 
ecliptic,  the  moon  is  often,  both  at  the  times  of 
conjunction  and  opposition,  in  or  very  near  the  plane 
of  the  ecliptic ;  in  these  cases  an  eclipse  happens 
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cither  of  the  sun  or  moon,  according  to  her  situ- 
ation. The  whole  of  this  is  rendered  clear  by  the  lu- 
narium,  where  the  wire  projecting  from  the  earth, 
shews  when  the  moon  is  above,  below,  or  even  with 
the  earth,  at  the  times  of  conjunction  and  opposition, 
and  thus  when  there  will  be,  or  not,  any  eclipses. 

The  distance  of  the  moon  from  the  earth  varies 
sensibly  with  respect  to  the  sun  ;  it  does  not  move  in 
a  circular,  but  in  an  elliptic  orbit  round  us,  the  earth 
being  at  one  of  the  foci  of  this  curve.*  The  longer 
axis  of  the  lunar  orbit  is  not  always  directed  to  the 
same  point  of  the  heavens,  but  has  a  movement  of 
its  own,  which  is  not  to  be  confounded  with  that  of 
the  nodes ;  for  the  motion  of  the  last  is  contrary  to 
the  order  of  signs,  but  that  of  the  line  of  apsides  is  in 
the  same  direction,  and  returns  to  the  same  point  in 
the  heavens  in  about  nine  years.  This  motion  is  il- 
histrated  in  the  lunarium  by  means  of  the  brass  ellip- 
ses XY,  which  is  carried  round  the  earth  in  little 
less  than  nine  years  ;  thus  shewing  the  situation  of 
the  elliptical  orbit  of  the  moon,  and  the  place  of  the 
apogee  in  the  ecliptic. 

Those  who  wish  to  extend  the  application  of  the 
instrument  further,  may  have  an  apparatus  applied 
to  it  for  explaining  the  Jovian  and  Saturnian  systems, 
illustrating  the  motion  of  her  satellites,  and  of  the 
ring  of  Saturn.     But  as  this  application  would  ex- 

'*  That  point  of  her  orbit  wherein  she  is  nearest  the  earth,  is 
called  her  j}crigcc  ;  the  opposite  point,  in  Mliich  she  is  farthest  of]', 
13  called  her  apogee.  These  two  points  are  called  her  apsides^  (h» 
ilpegec  is  the  higher,  Uic  perigee  the  lower  apsis. 
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tend  the  price  of  the  instrument  beyond  tlie  reach  ot 
most  purchasers,  I  have  thought  it  would  be  unne- 
cessary to  describe  them  ;  the  more  so,  as  the  pheno- 
mena they  are  intended  to  explain  are  accurately 
and  clearly  described  in  aeveral  introductory  works 
of  astronomy. 

Having  surveyed  and  endeavoured  to  illustrate 
the  general  phenomena  of  the  heavens,  let  us  turn 
the  mental  eye  towards  our  Lord,  who  hath  made  all 
things  in  heaven  and  earth,  and  whose  tender  care  is 
over  all. 

"  Innumerable  worlds  stood  forth  at  thy  com- 
mand, and  by  thy  word  they  are  filled  with  glori- 
ous works. 

'^  Who  can  comprehend  the  boundless  universe  ? 
or  number  the  stars  of  heaven  ? 

"  Amidst  them  thou  hast  provided  a  dwelling  for 
man,  that  he  might  praise  thy  name. 

'^  The  sun  shineth,  and  is  very  glorious,  and  we 
rejoice  in  the  light  thereof. 

^^  We  admire  its  brightness,  and  perceive  its 
greatness ;  and  our  earth  vanishes  in  comparison 
with  it. 

'^  Many  worlds  are  nourished  by  it,  and  its  glory 
is  great.  By  its  influence  the  earth  is  clothed  with 
plenty,  and  the  habitation  of  man  rendered  exceed- 
ing beautiful. 

"  Yet  what  is  this  amidst  thy  works  ?  is  it  not 
as  a  point,  and  as  nothing  in  the  firmament  of  hea- 
ven ? 
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"  What  then  is  man,  that  thou  art  mindful  of  hiui, 
or  the  son  of  man,  that  thou  visitest  him  ? 

*'  Thy  power  is  circumscribed  by  no  bounds,  both 
great  and  small  are  alike  unto  thee. 

"  From  the  sun  in  the  firmament  of  heaven,  to 
the  sand  on  the  sea  shore,  all  is  the  operation  of  thy 
haAd. 

"  Fifom  the  cherubim  and  seraphim  which  stand 
before  thee,  to  the  worm  in  the  bowels  of  the  earth, 
all  living  creatures  receive  of  thee  what  is  good  and 
expedient  for  them."* 

Praise  then  the  |-?orc(>  O  my  soul,  praise  his  nanie 
for  ever  arid  ever. 


*  See  "  Ilymus  to  the  Supreme  Being,  in  imitation-  of  tho 
Eastern  Songs."     LoadpTTj  1 780. 
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INTRODUCTION 


TO 


PRACTICAL  ASTRONOMY. 


1  HERE  is  no  part  of  mathematical  science  more 
truly  calculated  to  interest  and  surprize  mankind, 
than  the  measurement  of  the  relative  positions  and 
distances  of  inaccessible  objects. 

To  determine  the  distance  of  a  ship  seen  on  a  re- 
mote spot  of  the  unvaried  face  of  the  ocean,  to  ascer- 
tain the  height  of  the  clouds  and  meteors  which  float 
in  the  invisible  fluid  above  our  heads,  or  to  shew  with 
certainty  the  dimensions  of  the  sun,  and  other  bo- 
dies, in  the  heavens,  ai^e  among  the  numerous  pro- 
blems which,  to  the  vulgar,  appear  far  beyond  the 
reach  of  human  art,  but  which  are  nevertheless  truly 
resolved  by  the  incontrovertible  principles  of  the  ma- 
thematics. 

These  principles,  simple  in  themselves,  and  easy 
to  be  understood,  are  applied  to  the  construction  of 
a  variety  of  instruments ;  and  the  following  pi^ge$ 


43d  introduction  to 

contain  an  account  of  their  use  in  the  quadrant  and 
the  equatoriaL 

The  position  of  any  object,  with  regard  to  a  spec- 
tator^ can  be  considered  in  no  more  than  two  ways  ; 
namely,  as  to  its  distance,  or  the  length  of  a  line 
supposed  to  be  drawn  from  the  eye  to  the  object;  and 
as  to  its  direction,  or  the  situation  of  that  line  with 
respect  to  any  other  hues  of  direction  ;  or,  in  other 
words,  whether  it  lies  to  the  right  or  left,  above  or 
below  those  Imes.  The  first  of  these  two  modes  bears 
relation  to  a  line  absolutely  considered,  and  the  se- 
cond to  an  angle.  It  is  evident,  that  the  distance  can 
be  directly  come  at  by  no  other  means  than  by  mea- 
suring it,  or  successively  applying  some  known  mea- 
sure along  the  line  in  question  ;  and  therefore,  that 
id'Hiany  cases  the  distance  cannot  be  directly  found; 
but  the  position  of  the  line,  or  the  angle  it  forms, 
with  some  other  assumed  line,  may  be  readily  ascer- 
tained, provided  this  last  line  do  likewise  terminate 
in  the  eye  of  the  spectator.  Novv  the  whole  artifice 
in  measuring  inaccessible  distances  consists  in  finding 
their  lengths,  from  the  consideration  of  angles,  ob- 
served about  some  other  hne,  whose  length  can  be 
subriiitted  to  actual  mensuration.  How  this  is  done 
I' shall  proceed  to  shew. 

.'E'Vefrybhe  knows  the  form  of  a  common  pair  of 
compasses:  If  the  legs  of  this  instrument  were  ma- 
thematical lines,  they  would  form  an  angle  greater 
or  less^  in  proportion  to  the  space  the  points  would 
have  gassed  throiigh  in  their  opening.  Suppose  an 
arc  of  a  circle  to  be'j^laced  in  such  a  manner,  as 
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to  be  passed  over  by  these  points,  then  the  angles 
will  be  in  proportion  to  the  parts  of  the  arc  passed 
over;  and  if  the  whole  circle  be  divided  into  any 
number  of  equal  parts,  as,  for  example,  36o,  the  num- 
ber of  these  comprehended  between  the  points  of  the 
compasses  will  denote  the  magnitude  of  the  angle. 
This  is  sufficiently  clear ;  but  there  is  another  cir- 
cumstance which  beginners  are  not  always  sufficiently 
aware  of,  and  which,  therefore,  requires  to  be  wall 
attended  to :  it  is,  that  the  angle  will  be  neither  en- 
larged nor  diminished  by  any  change  in  the  length 
of  the  leers,  provided  their  position  remains  unalter- 
ed ;  because  it  is  the  inclination  of  the  legs,  (and  not 
their  length)  or  the  space  between  them,  which  con- 
stitutes the  angle.  So  that  if  a  pair  of  compasses, 
with  very  long  legs,  were  opened  to  the  same  angle  as 
another  smaller  pair,  the  intervals  between  their  re- 
spective points  would  be  very  different;  but  the  num- 
ber of  degrees  on  the  circles,  supposed  to  be  applied 
to  each,  would  be  equal,  because  the  degrees  them- 
selves on  the  smaller  circle  would  be  exactly  propor- 
tioned to  the  shortness  of  the  legs.  This  property 
renders  the  admeasurement  of  angles  very  easy,  be- 
cause the  diameter  of  the  measuring  circle  may  be 
varied  at  pleasure,  as  convenience  requires. 

In  practice,  however,  the  magnitude  of  instru- 
ments is  limited  on  each  side.  If  they  are  made  very 
large,  they  are  difficult  to  manage ;  and  their  weight, 
bearing  a  high  proportion  to  their  strength,  renders 
them  liable  to  change  their  figure,  by  bending  when 
their  position  h  altered:  but,,  on  the  contrary,  if 
E  E  3 
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they  are  very  small,  the  errors  of  construction  arid 
graduation  amount  to  more  considerable  parts  of  the 
divisions  on  the  limbs  of  the  instrument. 


GENERAL   PRINCIPLES   OF    CALCULATION. 

Before  we  proceed  any  farther,  I  shall  slightly  no- 
tice the  general  princi])les  of  the  calculations  we  are 
going  to  use. 

Plane  Trigonometry  is  the  art  of  measuring  and 
computing  the  sides  of  plane  triangles,  or  of  such 
whose  sides  are  right  lines. 

In  most  cases  of  practrce,  it  is  required  to  find 
lines  or  angles  whose  actual  admeasurement  is  diffi- 
cult or  impracticable.  These  mathematicians  teach 
us  to  discover  by  the  relation  they  bear  to  other 
given  lines  or  angles,  and  proper  methods  of  cal- 
culation. 

Finding  the  comparison  of  one  right-line  with  an- 
other right-line  more  easy  than  the  comparison  of  a 
right-line  with  a  curve,  they  measure  the  quantities 
of  the  angles  not  by  the  arc  itself,  which  is  described 
on  the  angular  point,  but  by  certain  lines  described 
about  that  point. 

If  any  three  parts  of  a  triangle  arf  ^nown,  the  re- 
maining unknown  parts  may  be  {o\u.d  either  by  con- 
struction or  by  calculation. 

If  two  angles  of  a  triangle  are  known  in  degrees 
and  minutes,  the  third  is  found  by  subtracting  their 
turn  from  1 80  degrees  ;  but  if  the  triiuigle  be  right- 
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angled,  either  angle  in  degrees,  taken  from  90  deg. 
gives  the  other  angle. 

Before  the  required  side  of  a  triangle  can  be  found 
by  calculation,  its  opposite  angle  must  be  given  or 
found. 

I'he  required  part  of  a  triangle  must  be  the  last 
of  four  proportionals,  written  in  order  one  under 
the  other,  whereof  the  three  first  terms  are  given  or 
known. 

Against  the  three  first  terms  of  the  proportion,  are 
to  be  written  the  corresponding  numbers  taken  from 
tables,  which  have  been  constructed  to  facilitate  cal- 
culation. 

These  tables  are  called  logarithms ;  and  are  so  coi^- 
trived,  that  multiplication  is  performed  by  addition^ 
and  division  by  subtraction. 

If  the  value,  then,  of  the  first  term  of  your  pro- 
portion be  taken  from  the  sum  of  the  second  and 
third,  you  obtain  the  value  of  the  fourth,  or  quantity 
required  ;  because  tlie  addition  and  subtraction  of 
logarithms  corresponds  with  the  multiplication  and 
division  of  natural  numbers. 

To  avoid  even  the  subtraction  of  the  first  term, 
when  radius  is  not  one  of  the  proportionals,  some 
chuse  to  add  tlie  arithmetical  complement. 

Tojind  the  arithmetical  complement  oj  a  logarithm^ 
begin  at  the  left  hand,  and  write  down  what  each 
figure  wants  of  9?  and  what  the  last  figure  wants  of 
10.  The  number  thus  found  is  to  be  added  to  the 
second  and  third  values  ;  the  sum,  rejecting  the  bor- 
rowed index^  is  the  tabular  number  expressing  the 

E  E  4 
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quantit}^  required:  thus  the  arithmetical  complement 
of  2.6963564  is  7.3036436. 

Tojind  the  logarithm  of  a  given  number.  Here 
you  must  remember  that  the  integral  part  of  a  loga- 
rithm is  Ccilled  its  inde.v^  because  it  denotes  the  num- 
ber of  fiojures  in  the  natural  number  answerinj]^  to  the 
logarithm.  The  decimal  part  of  every  logarithm 
belongs  equally  to  a  whole  number,  a  mixed  number, 
or  a  decimal  number ;  that  is,  they  are  expressed  by 
the  same  figures,  in  the  same  order,  but  the  index 
varies  according  to  tlie  value  of  the  expression.  The 
index  of  a  logarithm  is  always  an  unit  less  than  the 
number  of  figures  in  the  integer  number,  of  which  it 
is  the  logarithm. 

Hence  the  follownici;  g^eneral  rule  for  findinir  the 
index  of  a  logarithm.  To  the  left  of  the  logarithm, 
write  that  figure  or  figures  which  expresses  the  dis- 
tance from  unity,  of  the  highest  place  digit  in  the 
given  number,  reckoning  the  unit's  place  O,  the 
next  place  1 ,  the  next  to  that  2,  the  next  to  that 
3,  &c. 

By  attendmg  to  the  following  example,  it  will 
be  easy  for  you  to  find  the  logarithm  of  a  given 
number,  and  the  number  corresponding  to  a  given 
logarithnfj. 

Thus,  let  the  number  be  7854.  One  column  give* 
the  decimal  part ;  the  next  the  logarithm  completed 
with  the  indexes. 
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Number. 

Decim.  Part. 

Compl.  Log. 

-  7854 

0.895091 

3.895091 

785.4 

0,895091 

2.895091 

78.54 

0 895091 

1.895091 

7.854 

0.895091 

0.895091 

0.7854 

0.895091 

1.895091 

0.07854 

0.895091 

2.895091 

Tables  of  logarithms  are  also  constructed  for  sines, 
tangents^  &;c.  of  an  arc :  these  are  to  be  taken  out 
from  the  tables,  according  to  their  respective  value. 

Spherical  trigonometry  is  the  science  of  calculat- 
ing the  triangles  formed  on  the  surface  of  a  globe,  by- 
three  arches  of  great  circles  :  the  smaller  circles  of 
a  sphere  are  not  noticed  in  the  calculations  of  sphe- 
rical trigonometry.  This  science  is  too  intricate  to 
be  any  way  explained  in  this  Essay ;  we  must  there- 
fore content  ourselves  with  only  giving  the  propor- 
tions necessary  to  answer  our  purpose.* 


OF   THE    aUADRANT,    AND    ITS    USES. 

Every  circle  being  supposed  to  be  divided  into 
360  equal  parts  or  degrees,  it  is  evident  that  90  de- 
grees or  one-fourth  part  of  a  circle,  will  be  sufficient 
to  measure  all  angles  formed  between  a  line  perpen- 
dicular to  the  horizon,  and  other  lines  which  are  not 


*  For  one  of  the  most  familiar  and  best  treatises  on  this  sub- 
ject, I  refer  the  reader  to  "  An  Introduction  to  the  Theory  au/l 
Practice  of  Plane  and  Spherical  Trigonometry,"  8vo.  by  Mr. 
Thomas  Keith,  2d.  edition,  1810.     Edit. 
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directed  to  points  below  the  level.  Plate  \A,Jig,  I^ 
is  a  drawing  of  a  very  simple  and  useful  instrument 
of  this  kind.  ABC  is  a  quadrant  mounted  upon  an 
axis  and  pedestal :  by  means  of  the  axis,  it  may 
be  immediately  placed  in.  any  vertical  position,  and 
the  pedestal  being  moveable  in  the  axis  of  the  circle 
EF,  serves  to  place  it  in  the  direction  of  any  azi- 
muthj  or  towards  any  point  of  the  compass.  The 
limb  AB,  is  divided  into  degrees  and  halves  num- 
bered from  A ;  and  upon  the  radius  BC^,  are  fixed 
two  sights,  of  which  B  is  perforated  with  a  small  hole, 
and  is  provided  with  a  dark  glass  to  defend  the  eye 
from  the  suns  light;  and  the  other  sight  Z  has  a 
larger  hole  furnished  with  cross  wires,  and  also  a 
smaller,  which  is  of  use  to  take  the  sun s  altitude  by 
the  projection  of  the  bright  image  of  that  luminary 
upon  the  opposite  sight.  From  the  centre  C,  bangs 
a  plumb-line,  CP.  The  horizontal  circle  FE,  is  di- 
vided into  four  quadrants  of  90  degrees ;  and  an 
arm  E,  connected  with  the  pedestal,  moves  along  the 
limb,  and  consequently  shews  the  position  of  the 
plane  of  the  quadrant,  as  will  hereafter  be  more  mi- 
nutely explained.  Lastly,  the  screws  G,H,I,  render  it 
very  easy  to  set  the  whole  instmment  steadily  and  ac- 
curately in  its  proj)er  position, notwithstandingany  ir- 
regularity in  the  table  or  stand  it  may  be  placed  upon. 
The  rationale  of  this  instrument  is  very  clear  and 
obvious.  It  is  used  to  measure  the  angular  distance 
of  any  body,  or  appearance,  either  from  the  zenith 
or  point  immediately  above  our  heads,  or  from  the 
horizon  or  level.     The  plumb-line  CP,  if  continued 
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upwards  from  C,  would  be  directed  to  the  zenith  Z ; 
and  the  Hne  CL^  supposed  to  be  drawn  from  the  cen- 
tre of  the  quadrant  to  an  £>bject  L,  will  form  an  angle 
LCZ,  which  is  the  zenith  distance,  and  is  equal  to 
the  angle  BCP,  formed  between  the  opposite  parts 
of  the  same  lines.     We  see,   therefore,  that  the  de- 
grees on  the  arc,  comprehended  on  the  limb  of  the 
quadrant,  between  the  plumb-line  and  the  extremities 
next  the  eye,  measure  the  angle  of  zenith  distance. 
Again,  the  line  CK,  forming  a  right  angle  with 
the  perpendicular  CZ,  is  level  or  horizontal ;  the  angle 
LCK  must  therefore  be  the  altitude  or  elevation  of  L 
above  the  horizon  ;  and  this  last  angle  must  be  equal 
to  the  angle  measured  between  the  plumb-line  and 
the  end  A  farthest  from  the  eye  ;  because  both  these 
are  equal  to  the  quantity  which  would  be  left,  after 
taking  the  zenith  distance  from  a  right  angle,  or  the 
whole  quadrant. 

The  determination  of  the  altitude  or  zenith  dis- 
tance of  an  object  is  not  sufficient  to  ascertain  its 
place,  because  the  object  may  be  placed  in  any  direc^ 
tion  with  respect  to  azimuth,  or  flie  j>oints  of  the  com- 
pass, without  increase  or  diminution  of  its  altitude. 
Hence  it  is,  that  an  horizontal  graduated  circle  is  a 
necessary  addition  to  a  quadrant,  which  is  not  in- 
tended to  be  ahvays  used  in  the  same  plane.  The 
bearing  or  position  of  an  object  relative  to  the  cardinal 
points  ;  together  with  the  altitude,  is  sufficient  to  as- 
certain the  place  of  any  object  or  phenomenon. 

After  this  short  account  of  the  general  principles 
of  the  quadrant,  I  shall  proceed  to  shew  some  of  the 
leading  problems  resolved  by  it. 
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Problem  i.     To  adjuat  the  quadrant  for  ohscrva^ 

Hon. 

•> 

The  quadrant  is  adjusted  for  observation  when  its 
plane  continues  perpendicular  to  the  horizon  in  all 
positions  of  the  line  of  sight.  To  effect  this,  bring 
the  index  to  90^  on  the  horizontal  circle,  and  turn 
one  or  both  of  the  screws  which  are  tixed  opposite 
60%  till  the  plumb-line  lightly  touches  the  plane  of 
the  quadrant ;  then  turn  the  index  to  0\  and  make 
the  same  adjustment  by  means  of  the  screw  at  O", 
and  the  quadrant  is  ready  for  observation. 

Or  otherwise ;  set  the  index  at  0",  and  observe 
the  degree  marked  by  the  plumb-line  on  the  limb  ; 
then  turn  the  index  to  the  other  0\  which  is  dia- 
metrically opposite,  and  observe  the  degree  marked 
by  the  plumb-line  :  if  it  be  the  same  as  before,  there 
will  be  no  occasion  to  alter  the  screws  at  Go^ ;  but  if 
otherwise,  one  or  both  of  those  screws  must  be  turned 
till  the  plumb-line  intersects  the  middle  (\Qsr.  or  part, 
between  the  two.  After  this  operation,  the  degree 
marked  by  the  plumb-line  must  be  observed,  as  be- 
fore, by  setting  tlie  index  at  both  the  90%  and  the 
adjustment  of  the  plumb-line  to  the  middle  distance 
must  be  made  by  the  screw  at  0",  taking  care  not  to 
touch  the  other  screws. 

The  latter  method  of  adjustment,  being  more  ac- 
curate in  practice,  may  be  used  after  the  former. 

The  larger  or  more  expensive  instruments  have 
apparatus   for  setting  the  axis  oi  motion  at  right 
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angles  to  the  ])lanes  of  the  horizontal  circle  and 
quadrant,  the  line  of  sight  or  coliimation  parallel 
lo  the  radius  passing  through  90^,  &.c.  &c.  In  small 
instruments,  these  adjustments  are  made  by  the 
workmen. 


INTRODUCTORY    PROBLEMS. 

Problem  ir.  Tajlnd  the  distance  of  an  object  on 
the  earth  hy  ohservatlona  made  from  two  stations  on 
the  same  level. 

Observations.  Choose  two  stations,  between 
which  the  ground  is  level,  and  place  a  visible  mark 
on  each.  The  distance  between  them  ought  not 
to  be  less  than  the  seventh  or  eighth  part  of  the 
estimated  distance  of  the  objects,  and  neither  sta- 
tion ought  to  be  considerably  nearer  the  object  thau 
the  other.  Measure  the  distance  between  the  sta- 
tions, by  means  of  measuring  poles,  a  chain,  or  a 
piece  of  stretched  cord.  From  one  station  direct 
the  quadrant  to  the  object,  by  looking  through  the 
hole  in  one  sight,  and  moving  the  upright  axis  about, 
till  the  object  is  seen  through  the  hole  in  the  other, 
exactly  at  th/e  intersection  of  the  cross  wires.  Ob- 
serve the  degrees  and  parts  shewn  by  the  index  on 
the  horizontal  circle,  then  direct  the  quadrant  in 
the  same  manner  to  the  mark  of  the  other  station, 
and  observe  the  degrees  and  parts  shewn  by  the  index. 
The  number  of  degrees  and  parts  intercepted  between 
|:his  and  the  former  position  of  the  index  is  the  an- 
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gle  at  the  (irst  station.  The  same  operations  re- 
peated at  the  second  station  will  give  the  angle  at 
tJiat  station. 

Thus,  letF,  plate  \^,Jig,  I3  be  the  object,  A,  B, 
the  two  stations  880  feet  distant  from  each  other ;  the 
angle  observed  at  A  found  to  be  83"  45',  that  observed 
atB  85°  lb\ 

Solution,  Take  the  sum  of  the  two  observed 
angles  from  1 80°,  and  the  remainder  will  be  the 
angle  under  which  the  two  station  marks  would  be 
seen  from  the  object,  Let  F  be  the  object,  A  and  B 
the  two  stations,  the  angle  at  A  found  by  observation 
to  be  83°  45',  that  at  B  85"*  15',  the  sum  of  these  two 
angles  is  169%  whjch  taken  froip  180°  gives  11°  for 
the  value  of  angle  F, 
Then  as  the  sine  of  angle  F, 

at  the  object  -         -  IT  00'     9.2SO5988 

Is  to  the  sine  of  angle  A  at 

one  station  A         -         -         83°  45'     9.9974110 
80  is  the  distance  AB  be- 
tween the  stations       r       880  2.944482jr 
To  tiie  distance    of  the  ob- 
ject BF,  from  the  other 
station       -         •         4584,5  feet           3.6612949 

Solution  of  the  problem  h\j  protraction.  From  a 
scale  of  equal  parts,  lay  down  a  right  line  to  re- 
present the  measured  base-  By  means  of  the  pro- 
tractor, or  by  the  line  of  chords,  draw  a  line  from 
each  extremity  of  the  base,  forming  angles  equal  to 
those  actually  observed  ;  continue  these  lines  till  they 
intersect. 
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The  interval  between  the  point  of  intersection  at 
one  extremity  of  the  base  being  taken  between  the 
<compasses^  and  applied  to  the  line  of  equal  parts,  will 
shew  the  distance  between  the  object  and  the  station 
represented  by  that  extremity. 

This  problem  may,  in  cases  of  small  distance, 
be  conveniently  applied  to  a  base  line  measured 
within  a  room,  and  the  observation  taken  out  at  the 
windows. 


Probj.em  III,    Tojind  the  height  of  a  splre^  a  moun* 
tain,  or  any  other  elevation. 

Case  1.  When  the  distance,  DF,  jplate  I5,jig»  g, 
of  the  point  F  immediately  beneath  the  object  can 
be  measured.* 

Observe  the  angle  of  eiltitude  CDE  with  the  qua- 
drant, by  viewing  the  summit  through  the  sights, 
^nd  noting  the  degrees  and  parts  indicated  by  the 
intersection  of  the  plumb-line  ;  measuring  also  the 
horizontal  distance  ;  let  the  angle  CDE  be  4J°  30', 
|:he  line  DE  100  feet. 

Then  as  radius     ^         ^         -         -         lo.OOOOOOO 
To  the  tangent  of  Z.CDR  47^  30'  10.03794;5 

3o  is  the  measured  distance  DE  100         2.0000000 


To  the  height  required,   IO9.5         -         '2.0SJ^4J5 


*  As  the  point  cannot  conveniently  be  taken  from  the  grouBd, 
you  niiist  add  the  heijjht  of  the  eye  at  the  observation  to  the  height 
fountj. 
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Or  by  construction.  Draw  a  right  line  equal 
to  the  measured  base,  taken  from  a  scale  of  equal 
parts. 

Erect  a  perpendicular  from  one  extremity,  and 
from  the  other  drawti  line  incHned  towards  the  per- 
pendicular, and  forming  an  angle  with  the  base  equal 
-to  the  observed  angle. 

The  intei-val  between  the  intersection  of  this  last 
line  and  the  perpendicular,  an^  the  lower  extremity 
of  the  perpendicular  itself,  being  taken  in  the  com- 
passes, and  applied  to  the  line  of  equal  parts,  will 
shew  the  height  required. 

Case  2.  When  the  distance  of  the  point  A 
immediately  beneath  the  summit  cannot  be  mea- 
sured 

Find  the  distance  by  prob.  ii,  and  the  height  by 
case  1,  of  this  problem. 

Or,  otherwise :  measure  a  base  line  DC,  plate  15, 
^g.  3,  directly  towards  the  object,  and  take  the  alti- 
tiide  from  each  end  of  the  base. 

Let  DC,  tlie  base,  be  100  feet,  the  angle  observed 
atC32',  the  angle  at  D  58°;  subtract  the  lesser 
altitude  from  the  greater,  and  the  difference  is  the 
angle  B  26*. 

Then  as  the  sine  of  this  difference  26'       9.64 1 8420 
Is  to  the  sine  of  the  lesser  altitude  32'       9.72420.97 
So  is  the  base  line  1 00     -         -         -       2. 0000000 
To  the  direct   distance  between  the 
summit  and  nearer  end  of  the  base 
line -       2.O823677 
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And, 
As  radius  or  angle  A  90°  -         -      10. 

Is  to  the  sine  of  the  greater  altitude 

58°  -  -  -  -  .         9.9284205 

So  is  the  distance  last  found  -        2.0823677 

To  the  height  required  102.51  feet  2.0107822 

Or  by  construction.  Set  off  the  base  line,  and 
from  its  extremities  draw  lines  inclined  to  the 
base  in  the  respective  angles  observed,  but  in  such 
a  manner,  as  that  the  less  angle  may  be  formed  by  the 
base  itself,  and  the  greatest  by  the  prolongation  of 
the  base. 

These  lines  vs^ill  intersect. 

From  the  point  of  intersection,  let  fall  a  perpen- 
dicular on  the  prolongation  of  the  base,  and  it  will 
give  the  height  required. 

The  first  method  of  solving  this  case  is  in  general 
the  best  in  practice.  It  is  for  the  most  part  much 
more  easy  to  find  a  base  sufficiently  long  and  level 
between  two  stations,  nearly  equi-distant  from  the 
eminence,  as  the  first  requires,  that  in  a  direction 
towards  it,  because  the  ground  usually  rises  irregu- 
larly towards  mountains.  And  in  the  latter  case 
also,  if  the  difference  between  the  two  altitudes 
be  not  very  considerable,  the  result  will  be  ren- 
dered erroneous  by  a  very  small  inaccuracy  of  obser- 
vation. 
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Problem  i v.     To  plot  a  Jield  hy  a  base  line  mta* 
sured  within  the  field. 

Set  up  marks  in  the  corner  of  a  field,  and  measure 
aline  in  the  field  in  such  a  direction,  as  that  it  may 
be  set  as  far  as  possible  from  pointing  towards  anj 
of  the  angles. 

Direct  the  sights  from  one  end  of  the  base  to  each 
of  the  angles  successively,  and  also  to  the  other  ex- 
ti'emity  of  the  base,  carefully  noting  the  degrees  and 
parts  of  the  horizontal  circle  marked  out  by  the  in- 
dex. Repeat  the  like  operations  at  the  other  end 
of  the  base  line. 

Construction,  Draw  a  faint  line  upon  paper  upon 
which  set  oft*  from  a  scale  of  equal  parts  the 
measured  base.  From  its  extremities  draw  lines, 
forming  the  respective  angles  observed.  The  in- 
tersections of  those  lines  will  shew  the  corners  or 
angles  of  the  field,  and  must  be  joined  by  right 
lines. 

This  problem  being  nothing  more  than  a  detefr- 
mination  of  the  position  of  the  angular  points  with 
respect  to  the  base  line  by  prob.  ii,  will  be  more 
accurate  in  practice,  the  more  nearly  the  condi- 
tions there  •  expressed  are  adhered  to.  If  a  base 
line  cannot  be  had  in  view  of  all  the  angles,  and 
in  a  convenient  position,  two  or  more  base  lines 
may  be  measured,  and  connected  together  by  the 
observation  of  the  requisite  angles  ;  or  the  three  sides. 
of  a  triangle  may  be  measured  in  the  field;  according 


PROBLEMS.  451 

to  the  discretion  of  the  ingenious  learner,  and  the 
bearings  of  the  corners  of  the  field  taken  from  such 
extremities  of  any  of  these  measured  lines,  as  are 
best  adapted  to  the  purpose. 

As  this  method  is  far  from  being  laborious,  the 
student  will  do  well  to  measure  the  field  twice,  but 
from  a  different  base  eacli  time. 

It  may  be  proper  to  observe,  for  the  use  of  such 
as  are  unacquainted  with  surveying  of  land,  that 
the  English  acre  is  4840  square  yards,  and  that 
land  is  most  conveniently  measured  by  the  Gun- 
ter's  chain,  of  22  yards  in  length,  divided  into 
100  links  ;  because  the  square  chain,  or  22  multi- 
plied by  22,  equal  to  484,  is  exactly  the  tenth 
part  of  an  acre.  If  the  plot  of  a  field  measured  in 
chains  and  links  be  therefore  made  upon  paper,  and 
divided  into  a  number  of  triangles  by  drawing 
right  lines  within  it,  the  base  and  perpendicular 
of  each  triangle  may  be  measured  from  the  scale 
of  equal  parts,  and  half  their  product  will  be  the 
area  of  the  triangle  in  square  chains  ;  the  sum  of 
all  the  areas  of  the  triangles  will  be  the  area  of  the 
field ;  which  divided  by  10,  will  shew  the  number 
of  acres  ;  the  remaining  decimal  fraction  multi- 
plied by  4,  gives  the  roods  ;  and  the  decimal  part 
of  this  last  product  multiplied  by  40,  gives  the 
perches. 

In  the  following  example  is  a  more  ready  method 
of  obtaining  the  contents. 

Example,    Let  ABCDEP,  plate  15,  /%•.  4,  be  the 
FF  2 
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field,  in  which  I  assumed  two  stations,  P,Q,  at  the 
distance  of  1 0  chains  from  each  other. 

From  P,  I  observed  the  following  angles  :  QPA 
to  be  21°  20' ;  ABP,  49°  10' ;  BPC,  57°  12' ;  CPD, 
29°  40';  DPE,  64°  25   ;   EPF,   79°  16'. 

From  the  station  Q,  I  observed  the  following 
angles:  PQD,  10^40';  DQC,  18°  30';  CQB,  42°00'; 
BQA,  67°  05'.  AQF  is  equal  to  AQO  added  to 
EQO;  that  is,  137°;  FQE,  62^  52'. 

Solution,  Construct  the  figure  as  directed, 
and  divide  it  into  two  trapeziums,  DCBA,  and 
DEFA  ;  then  apply  the  perpendiculars,  HB,  LD, 
IF,  and  the  diagonals  BD,  AE,  and  the  side  AD, 
to  a  scale  of  equal  parts,  and  you  will  obtain  the 
area  near  the  truth.*  But  it  may  be  obtained  accu- 
rately by 


Trigonometry, 

1 .  In  the  triangle  AQB,  you  will  find  QA  10.428, 
QB  15.198,  and  the  angle  ACjB  67"^  5'. 

2.  In  the  triangle  BP^,  you  will  find  QB  15.1 98, 
BP  15.259,  the  angle  BP^  38°  20'. 

3.  In  the  triangle  QPC,  we  have  PC  12.404,  PB 
15.259,  angle  BPC  bf  12'. 

4.  In  the  triangle  QPD,  we  find  PD  8.94 1,  PC 
12,404,  CPB  29°  40', 

*  The  angles  are  in  some  instances  in  this  exdmple  assumed  (00 
oblique  to  be  ascertained  with  accuracy  in  practice,  but  answer  fully 
the  purpose  of  illustration 
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5.  In  the  triangle  QPE,  we  have  PE  IO.950,  PD 
8.941,  angle  DPE  64°  25', 

6.  In  the  triangle  PQF,  we  obtain  PF  equal 
16.820,  Q¥  14.471,  angle  PFQ  36°  18'. 

7.  In  the  triangle  EPF,  PE  is  IO.950,  PF  16.820, 
angle  EPF  79°  16'. 

8.  In  the  triangle  AQF,  QF  is  14.471,  AQ 
10.428,  angle  AQF  137^ 

Now,  writers  on  mensuration  have  shewn,  that  if 
you  add  the  logarithms  of  the  two  sides  of  a  triangle 
and  the  included  angle  together,  the  sum,  rejecting 
radius  will  be  the  logarithm  of  double  the  area  of  that 
triangle.     By  this  method  we  find, 

1.  the    double  area  of  A  AQB  to  be  145.984 

2.  ,-         -         - 

3.  -  -         • 

4.  - 

5.  -  -    — 

6.  - 

7.      -     -     - 

8.  -  -  - 


610077 

The  young  student  in  trigonometry  will  find  the 
solution  of  this  problem  no  contemptible  exercise ; 
he  may  likewise,  if  he  has  a  sufficient  degree  of 
patience  and  industry,  find  every  line  drawn  in  the 
figure. 

FF  3 


BPQ    - 

143.844 

BPC     - 

159143 

CPD    - 

54.895 

DPE     - 

88.304 

PFQ     - 

144.105 

EPF     - 

180. 964 

AQF     - 

102  916 

Divide  by  2) 

1020.155 

[     454     ] 


Problem  v  .    ,  To  plot  a  JieUl,  hy  measuring  the 
yides  and  angles. 


Set  up  marks  at  each  of  the  angles^  and  at  every 
one  of  these  marks  direct  the  quadrant  to  the  two 
adjacent  marks  on  each  side.  The  number  of  de- 
grees and  parts  between  the  two  positions  of  the  in- 
dex on  the  horizontal  circle^  will  shew  the  angle  at 
the  station  where  the  observation  is  made.  Measure 
the  distance  to  the  next  station,  and  observe  the 
angle  there  in  the  same  manner.  And  thus  proceed 
completely  round  the  field. 

Construction.  From  the  scale  of  equal  parts  draw 
a  line  equal  to  the  first  measured  side,  and  from  itit 
extremities  draw  two  lines,  forming  angles  equal  to 
those  actually  observed. 

Make  these  last  lines  equal  to  the  sides  they  repre» 
sent,  and  from  their  extremities  draw  two  other  line* 
at  angles  respectively  found  by  observation. 

Proceed  thus  till  the  whole  field  is  plotted. 

When  all  the  angles  of  a  field  are  thus  measured, 
their  sum,  if  the  operation  has  been  truly  made, 
will  be  equal  to  twice  as  many  right  angles,  dedact- 
ing  four,  as  there  are  angles  in  all,  provided  they 
be  all  inward  angles.  J3ut  if  any  of  them  be  out- 
ward angles,  their  respective  supplements  to  36o^ 
mnst  be  taken  In  making  up  the  sum  instead  of 
the  angles  themselves.  When  the  sum  prove* 
either  greater  or  less  than  just  the^  figure,  it  will 
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not  answer  on  paper ;  and  as  observations  made  with 
small  instruments  cannot  be  expected  to  be  free  fronx 
perceptible  errors,  it  will  be  expedient  to  correct 
the  angles  by  adding  or  subtracting  such  defect  or 
excess  to  or  from  all  the  angles,  in  proportion  to 
their  magnitude,  or  more  readily  in  equal  proportions 
among  them. 

This  way  of  measuring  is  much  used  in  America, 
by  the  measuring  wheel  and  mariner's  compass,  and 
is  applicable  to  extensive  woody  or  mountainous 
tracts  of  land,  where  great  accuracy  is  not  required. 
It  may  also  be  used  in  conjunction  with  other  me- 
thods, for  delineating  a  sea-coast,  &c. 

The  following  example  will  shew  how  you  may 
obtain  the  contents  of  the  field. 

Example.  In  surveying  the  field  ABCDE,  plate 
15,  fig.  5,  I  observed  at  A  the  angle  FAE  to  be 
bV  13',  at  B  the  angle  CBG  was  69  30',  at  C  the 
angle  ACB  was  39^7',  and  the  angle  ACD  78°  db' ; 
at  D  the  angle  EDH  was  88°  40',  and  at  E  the 
angle  CEA  54°  20' ;  the  side  AB  measured  1940 
lines,  BC  1555,  CD  2125,  DE  274 1,  and  EA  l624. 
We  have  now  to  find  the  area  of  the  field. 

Subtract  the  angle  CBG  69°  3o'  from  180°,  and 
you  have  the  angle  CBA  1 10°  30';  to  which  if  you 
add  the  angle  ACi3  39'  7',  and  subtract  this  sum 
from  180,  you  obtain  the  angle  CAB  30°  23'.  We 
find  by  trigonometry  AC  to  be  288  links.  The 
sum  of  the  angles  EAF  an,d  CAB,  taken  from  180% 
gives  the  angle  EAC  98°  24'.  Lastly,  sub^act 
r  F  4  -^       / 


456  PROBLEMS. 

the  angle  HDE  from  180,  and  you  get  angle  EDC 
91°  20'. 

Then,  by  the  preceding  problem,  in  the  triangle 
ABC  we  obtain  from  the  two  sides  AB,  BC,  and 
the  included  angle  ABC,   the   double 

area       -         -         -         -         -         -       28256  8 

In  the  triangle  EAC,  from  the  sides  AC, 

AE,  and  the  angle  E AC  -         -       4625146 

In  the  triangle  EDC  from  the  sides  DE, 

DC,  and  angle  EDC       -        -        -       5823047 


2) 13273851 


Area  66.39625 
Answer,  ^Q  acres,  I  rood,  19  perches. 

If  the  angles  had  been  measured  with  a  mari- 
ner's compass,  they  must  have  been  arranged  in  a 
traverse  table  similar  to  plane  sailing  in  navigation, 
and  the  content  found  by  the  method  shewn  in  my 
Geometrical  a?id  Graphical  Essays y  8vo. 

Problem  vi.  To  find  the  altitude  and  height  ofjire- 
ballsy  and  other  meteorSy  in  the  atmosphere. 

Though  the  extreme  velocity  and  transient  nature 
of  fiery  meteors  in  the  atmosphere,  in  a  great  mea- 
sure prevents  the  making  of  such  observations  as 
might  tend  to  ascertain  their  distance,  yet  they 
form  a  subject  of  inquiry  so  curious  and  interest- 
ing, as  renders  such  as  can  be  made  of  great  value. 
An  observer,  who  perceives  an  appearance  of  thia 
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kind,  ought  carefully  to  note  the  buildings,  trees, 
stars,  &c.  near  which  it  passes ;  and,  as  soon  after- 
wards as  convenient,  take  tiieir  altitude  and  bearings. 
If  two  such  observations  be  taken  by  persons  at 
different  places,  sufficiently  distant  from  each  other, 
the  distance  on  the  earth  may  be  Considered  as 
the  base,  and  from  this  and  the  two  observed  angles 
the  height  of  the  meteor  may  be  found  by  Problem  ii. 
By  observations  of  this  kind  it  has  been  found, 
that  the  larger  fire-balls  are  elevated  about  6o  miles 
above  the  earth's  surface,  and  that  some  of  them  are 
near  five  miles  in  diameter. 


pROBLSM  VII.     To  find  the  height  of  a  cloud  by  oh- 
servation  of  afi^ash  of  lightning. 

If  the  altitude  of  that  part  of  a  cloud,  from 
which  a  flash  of  lightnins:  has  issued,  be  imme- 
diately  taken  with  the  quadrant,  and  the  number 
of  seconds  of  time  elapsed  between  the  instant  of 
the  flash,  and  the  first  arrival  of  the  thunder  be 
reckoned,  these  data  will  be  sufficient  to  determine 
the  height  of  the  thunder  cloud.  For  sound  it 
admitted  to  pass  through  1142  feet  in  a  second ; 
but  light  has  such  an  extreme  velocity,  that  it 
passes  through  thirty-five  thousand  miles  in  a  se- 
cond, and  may  therefore  be  reckoned  instantane- 
ous in  all  pbservations  upon  the  earth.  Hence  it 
follows,  that  the  number  of  seconds  observed,  muU 
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tiplied  by  1142,  will  give  the  distance  of  the  cloud 
in  feet ;  and 

As  radius 

Is  to  the  sine  of  the  observed  angle ; 

So  is  the  distance  of  the  cloud 

To  its  height. 

Example,  Suppose  the  angle  of  elevation  CAB, 
plate  lb y Jig,  6,  from  which  a  flash  of  lightning  is- 
sued, was  53°  8',  and'that  between  the  flash  and  the 
report  of  the  thunder  5  seconds  were  counted  ;  then 
1142  feet  multiplied  by  5  gives  57 10  feet  for  the 
distance  of  the  cloud. 

And  as  radius  or  sine  of  90°  lO.OOOOOOO 

Is  to  the  sine  of  the  observed  angle 

53'' 8'.  -  .  -        9-9031084 

So  is  the  distance  of  the  cloud  57 10        3. 7 5 663 6 1 


To  its  height  4568  feet     -  -        3.659/445 

Or  by  construction.  From  a  point  in  any  right 
line,  draw  another  right  line,  forming  the  observed 
angle.  Set  off  on  this  left  line,  from  the  angular 
point,  the  distance  of  the  doud,  taken  from  a  scale 
of  equal  parts.  From  the  extreme  of  the  last- 
mentioned  line  let  fall  a  perpendicular  on  the  other 
line  ;  and  this  perpendicular  will  be  the  height  re- 
quired. 

If  the  flash  of  lightning  strike  directly  down,  the 
height  of  the  cloud  will  also  be  the  length  of  the 
flash*     But  this  is  not  often  the  case. 
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Problem  viii.     To  determine  the*1ieight  of  a  cloud 
hij  ohsei^ations  on  its  altitude  and  velocity. 

When  the  sky  abounds  with  detached  clouds, 
moving  with  considerable  velocity,  it  is  easy  to  de- 
termine the  degree  of  swiftness,  by  observing  the 
progress  of  their  shadows  which  pass  along  the 
ground.  For  this  purpose  nothing  more  is  neces- 
sary, than  to  note  the  instants  of  time  when  one 
of  these  shadows  passes  over  two  objects  ;  such  as 
hedges,  trees,  &c.  lying  in  its  direction ;  and  to 
measure  the  interval  passed  over  during  the  inter- 
mediate time.  When  this  velocity  is  thus  found, 
place  the  plane  of  the  quadrant  in  the  direction  of 
the  wind,  and  setting  the  sights  to  a  considerable 
altitude,  to  be  written  down,  take  notice  of  some 
remarkable  edge  of  a  cloud,  which  passes  across  the 
wire  in  the  aperture  of  the  farthest  sight,  giving  no- 
tice at  the  same  instant  to  an  assistant  to  note  the 
time.  Then  move  the  quadrant  on  its  axis  twenty 
or  thirty  degrees,  and  give  the  like  notice  to  the 
assistant  when  the  same  part  of  the  cloud  passes  the 
wire ;  write  down  this  last  altitude.  The  perpendi- 
cular height  of  the  cloud  will  be  found  by  the  .fol- 
lowing proportions : 
4^s  the   number    of  seconds    observed    when    the 

shadow   of  the    former  cloud  was  seen  on  the 

ground 
Is  to  the  number  of  seconds  elapsed  between  the  two 

observations  with  the  quadrant ; 
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So  is  the  distance  measured  on  the  ground, 
To    the    distance    passed    througli    by    the    cloud 
(whose  altitude  was  taken)  during  the  time  of 
obseiVation. 
Then, 
As  the  sine  of  the  difference  between  the  two  al- 
titudes 
Is  to  the  sine  of  the  less  altitude ; 
So  is  the  distance  passed  over  by  the  cloud, 
To  its  distance  from  the  observer,  when  the  greater 
altitude  was  taken. 
And  lastly. 
As  radius 

Is  to  the  sine  of  the  greater  altitude ; 
So  is  the  distance  last  found, 
To  the  perpendicular  height  of  the  cloud. 

Example.  The  shadow  of  a  cloud  was  observed 
to  pass  over  1230  yards  in  30  seconds;  its  altitude 
at  that  instant  was  41  degrees ;  three  minutes  after, 
its  altitude  was  1 1  degrees  37  minutes :  to  find  its 
height. 

Now  the  spaces  described  by  bodies  moving 
with  equal  velocity,  are  as  the  times  of  description  ; 
therefore,  by  the  first  part  of  the  rule,  as  50  se- 
conds to  180  seconds  so  is  1230  yards  to  4428  yards, 
the  distance  passed  over  by  the  shadow  during  the 
observations 

But  the  progressive  motion  of  the  shadow  from  B 
to  Cy  plate  l^,Jig'  7,  during  the  elapsed  time  be- 
tween the  observations,  is  the  same  as  if  the  ob- 
server  had   moved  in  the  same  time  from  B  to- 
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wards  A  ;  or  the  effect  would  be  exactly  the  same  if 
an  observer  at  A  took  the  less  altitude,  while  ano- 
ther at  B  took  the  greater  altitude  at  the  same  instant. 
Hence  the  second  part  of  the  rule  is  evident ;  for 
ADEis  the  complement  of  the  less  angle,  and  BDE 
that  of  the  greater.  The  difference  of  these  com- 
plements is  equal  to  the  angle  ADB ;  but  the  dif- 
ference of  the  complements  must  be  equal  to  the 
difference  of  the  altitudes  ;  therefore^  by  the  second 
part  of  the  rule. 

As  the  sine  ADB  of  the  difference  be- 
tween the  two  altitudes  29°  38'  9.6907721 
Is  to  the  sine  of  the  less  altitude  DAB 

93039794 

3.6462076 

12.9501 870 
9.6907721 


11    37 


So  is  the  distance  AB  passed  over  by 
the  cloud  4428  yards  - 


To  its  distance  at  the  time  of  the 

greater  altitude  BD  I8I7.2  yards  3.2594042 


Lastly,  by  the  last  part  of  the  rule,  see  likewise 
rule  to  Problem  viii. 

As  radius  sine  of  90             -             -  10. 

Is  to  sine  of  greater  altitude  41          -  9.8I90429 

So  is  the  distance  BD  I8I7.2         -  3.2594049 


To    the    perpendicular   height  DE 

1192  2  yards         ^,  -  -       3.0763478 
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PItIM  IPLES  AND  PROBLEMS  PREPARATORY  TO  THE 
APPLICATION  OF  THE  INSTRUMENTS  TO  PRACTICAL 
ASTRONOxMY. 

By  practical  astronomy,  is  understood  the  know- 
ledge of  observing  the  celestial  bodies,  with  respect 
to  their  position  and  time  of  the  year,  and  of  deduc- 
ing from  these  observations  certain  conclusions,  use- 
ful in  calculating  the  time  when  any  proposed  pro- 
Dosition  of  these  bodies  shall  happen. 

» 

OF   THE   TERRESTRIAL    LATITUDE. 

'1  he  latitude  of  any  place  is  equal  to  the  elevation 
of  the  pole  of  the  equator  above  that  place. 

The  distance  between  the  zenith  and  the  hori- 
zon, and  that  between  the  pole,  is  equal,  for  each 
of  them  are  9^  degrees.  If,  therefore,  we  take 
away  the  distance  of  the  zenith  from  the  pole, 
which  is  common  to  both,  the  remainder,  that  is,  the 
elevation  of  the  pole,  or  latitude  of  the  place,  is  equal 
to  the  distance  from  the  zenith  to  the  equator. 

The  distance  from  the  zenith  to  the  pole  is  equal 
to  the  complement  of  the  latitude  to  90  degrees. 

l^he  inclination  of  the  equator  to  the  horizon,  is 
also  equal  to  the  complement  of  the  latitude  to  ^O 
deirrees.* 


o 


*  In  plate  2,y  fig,  5,  P  represents  the  pole,  EQ  the  equator,  HO 
the  horuon,  PH  the  elevation  of  the  pole,  Z  the  zenith,  IIZO,  or 
tlie  visible  part  of  the  heavens,  contains  twice  90,  or  180  degrees; 
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AW  those  stars  that  are  not  further  from  thepolp 
than  th*^  latitude,  are  called  circumpolar  stars. 

If  the  greatest  and  less  altitudes  of  a  circumpolar 
star  be  determined  by  observation,  half  the  sum  gives 
you  the  latitude  of  the  place. 

The  complement  of  the  meridian  altitude  of  a 
star  is  its  zenith  distance ;  and  this  is  called  north 
or  south,  according  as  the  star  is  north  or  south  at 
the  time  of  observation. 

The  latitude  of  a  place  is  equal  to  a  stars  meridian 
zenith  distance  added  to  the  declination,  if  the  star 
passes  between  the  zenith  and  the  equator.  In 
all  other  cases,  the  latitude  is  the  difference  between 
the  meridian  zenith  distance  and  the  declination  of 
the  star. 

Ihe  greatest  declination  of  the  sun,  is  equal  to 
the  inclination  of  the  ecliptic  to  the  equator. 


it  being  90  degrees  from  Z  to  II,  and  90-  degrees  from  Z  to  O : 
but  It  is  also  90  from  the  pole  P  to  £  the  equator.  If  you  take  away 
PE,  there  remains  90  degrees  for  the  other  two  arcs.  In  other  words, 
the  elevation  of  the  pole  and  the  elevation  of  the  equator  are  together 
equal  to  90  degrees ;  i.  e.  in  technical  ^erms,  the  elevation  of  the 
pole  is  tiie  complement  of  the  elevation  of  the  eqiiator  to  90  degrees. 
Hence  one  being  known  and  subtracted  from  90,  gives  the  other. 

Hence  also  it  is  clear,  that  the  elevation  of  the  equator  is  equal  to 
the  distance  of  (he  pole  from  the  zenith,  both  being  equal  to  the  dis- 
tance of  the  pole  from  90  degrees. 

Hence  also  the  distance  of  the  equator  from  the  zenith  is  ^qual  to 
the  elevation  of  tl>e  pole,  or  latitude  of  the  place, ;  tor  HZ  is  equal  to 
90,  and  PE  is  etjual  to  90  ;  take  away  PZ,  common  to  both,  a»d  the 
remainders,  PIl,  ZE  must  be  equal. 
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1  he  inclination  of  the  equator  to  the  ecliptic 
is  equal  to  half  the  difference  between  the  sun's 
Hieridian  altitudes  on  the  longest  and  shortest 
days. 

The  latitude  of  the  place  and  the  zenith  distance  of 
a  star  being  given^  to  find  the  declination  of  the 
star. 

1 .  When  the  latitude  of  the  place  and  zenith  dis- 
tance are  of  different  kinds,  that  is^  one  north  and 
the  other  souths  their  difference  is  the  declination  ; 
but  it  is  of  the  same  name  with  the  latitude,  when 
that  is  the  greater  of  the  two  ;  otherwise  it  is  of  the 
contrary  kind. 

2.  When  the  latitude  and  zenith  distance  are  of 
the  same  kind,  tliat  is,  both  north  or  both  south, 
their  sum  is  the  declination,  and  it  is  of  the  same 
kind  with  the  latitude. 

OF    CELESTIAL    LONGITUDE,    LATITUDJC,  &C. 

It  has  been  already  observed,  that  in  ordef  to 
measure  and  estimate  the  motion  of  the  sun  and 
stars,  it  was  necessary  to  fix  on  some  point  in  the 
heavens,  to  which  their  motions  might  be  referred. 
'J  he  vernal  equinoctial  point  is  that  point  from 
which  astronomers  reckon  what  is  called  longitude 
in  the  celestial  sphere.  The  ecliptic  is  divided  into 
twelve  signs,  of  30  degrees  each,  witli  whose  names 
and  characters  yt)u  are   acquainted.     Astronomers 
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begin  at  the  first  point  of  Aries,  and  reckon  from 
west  to  east. 

Celestial  longihide  is,  therefore,  the  number  of 
degrees  on  the  ecliptic  contained  between  the  first 
point  of  Aries  and  any  celestial  object,  or  between 
the  first  point  of  Aries  and  a  circle  passing  through 
the  object  perpendicular  to  the  ecliptic.  Thus  if  7^ 
C,  plate  1 5,  Jig,  8,  represents  the  ecliptic,  and  X 
the  first  point  of  Aries,  and  any  star  be  at  S  on  the 
ecliptic,  or  at  *  on  a  circle  p^S,  perpendicular  to  the 
ecliptic,  then  will  the  arch  7"  S  be  the  longitude  of 
the  stars  *,  S. 

The  latitude  of  a  celestial  object  is  its  distance 
from  the  ecliptic,  reckoned  on  a  circle  perpendicular 
thereto.  Thus  a  star  at  s,  plate  1 5,  Jig,  8,  will  have 
for  latitude  the  arc  S* ;  but  placed  at  S  on  the  eclip- 
tic, it  will  have  no  latitude. 

As  the  diurnal  motion  is  in  the  direction  of  the 
equator,  astronomers,  to  facilitate  both  observation 
and  calculation,  found  it  necessary  to  determine  the 
situation  of  celestial  bodies  with  respect  to  this 
circle,  which  is  effected  by  determining  their  right 
ascension  and  declination.  Right  ascension  and  de- 
clination are,  with  respect  to  the  equator,  what  lon- 
gitude and  latitude  are,  with  respect  to  the  ecliptic. 
Thus  if  T  Q  represent  the  equator,  and  X  the  first 
point  of  Aries,  then  will  y  E  be  the  right  ascension 
of  a  star  situated  at  E  on  the  equator,  or  at  e  in  a 
circle  eE  perpendicular  thereto ;  the  star  at  E  will 
have  no  declination,  but  that  at  e  is  measured  by  the 
arch  eE. 

G  u 
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GENERAL   OBSERVATIOKS. 


To  ^x  your  attention  with  greater  certainty  to  the 
objects  of  research,  it  may  be  proper  to  observej  that 
as  practical  astronomy  consists  in  determining  the 
position  of  celestial  objects  for  a  giveh  instant,  it  may 
be  reduced  to  three  things : 

1.  The  knowledge  of  the  obliquity  of  the  ec- 
liptic. 

2.  The  measure  of  time. 

3.  The  right  ascensions  and  declinations  of  the 
stars,  &c. 


OF  THE  OBLiaUITY    OF   tHE   ECLIPTIC. 

The  obliquity  of  the  ecliptic  is  a,  very  important 
element  of  astronomy,  because  it  enters  into  the  cal- 
culation of  all  spheric  triangles  where  the  ecliptic  and 
equator  are  concerned. 

The  obliquity  of  the  ecliptic  being  equal  to  the 
«un's*  greatest  declination,  i.e.  when  in  the  tropics, 
the  obliquity  may  be  ascertained  by  observing  the 
meridian  height  of  the  sun's  centre  on  one  of  the 
solstitial  days ;  and  this  quantity  taken  from  the 
height  of  the  equator,  at  the  place  of  observation, 
gives  the  declination  of  the  tropic.  Or,  more  accu- 
rately, observe  the  sun's  meridian  altitude  in  each 
tropic :  this  will  give  their  distance,  half  of  which 
is  the  distance  of  each  tropic  from  the  equator, 
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that  is,  the  obHquity  of  the  ecliptic.  From  good 
observations,  made  in  177^^  this  obHquity  was  found 
to  be  23"  2S\ 


OF   THE    MEASURE  OF  TIME. 

All  astronomical  observations  depend  on,  or 
have  a  reference  to,  time.  To  measure  this  with 
accuracy,  is  one  of  the  primary  objects  of  an  astro- 
nomer. 

As  the  diurnal  revolution  of  the  earth  is  found  to 
be  uniform,  they  have  taken  this  for  the  measure  of 
time,  comparing  it  with  the  sun.  Astronomers 
consider  noon  as  the  beginning  of  tlie  diurnal  revo- 
lution ;  or,  in  other  words,  an  astronomical  day 
commences  at  the  instant  the  centre  of  the  sun  is 
in  the  plane  of  our  meridian,  and  finishes  when 
it  has  returned  thereto,  after  one  entire  revolution. 

The  astronomical  day  begins,  therefore,  twelve 
hours  later  than  the  civil  day  of  the  same  denomi- 
nation, and  is  counted  up  to  twenty-four  hours,  or 
the  succeeding  noon,  when  the  next  day  begins. 
Thus  the  day  of  the  month,  and  the  hour  of  the  day, 
are  the  same  in  this  method  as  in  the  civil  account 
at  noon,  and  from  noon  till  midnight ;  but  from 
midnight  till  noon  they  differ ;  for  in  the  civil  ac- 
count a  fresh  day  begins  at  midnight,  and  the  hours 
also  begin  again,  but  in  the  astronomical  method 
the  day  is  still  continued  beyond  the  midnight. 
Hence  five  o'clock  in  the  morning  of  April  the  10th, 
is  called  by  astronomers  April  9,  17  hours. 
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As  the  earth  revolves  umformly  on  its  axis,  if  it 
had  no  real  annual  motion,  and  consequently  the 
sun  no  apparent  annual  motion,  or  if  this  motion 
was  uniform,  the  days  would  be  all  necessarily  of 
one  length,  and  that  would  be  about  23  hours  56 
minutes,  for  in  that  time  a  diurnal  revolution  of 
the  earth  is  (Completed,  as  appears  by  an  easy  ob- 
servation :  for  any  fixed  star  that  is  on  the  meri- 
dian at  a  given  hour  of  the  night,  will,  after  23 
hours  56  minutes,  be  on  the  meridian  again  the 
night  following.  This  interval  of  time  is  called  a 
siderial  day. 

But  accurate  observations  have  shewn,  that  the 
solar  days  are  not  equal  to  each  other,  and  that  the 
time  which  elapses  between  the  sun  s  being  on 
the  meridian  of  any  place,  and  its  return  thereto 
again,  is  considerably  longer  sometimes  than  at 
others. 

Hence  astronomers  have  been  obliged  to  distin- 
guish two  sorts  of  time ;  one  they  call  apparent, 
the  other  mean  time. 

Apparent  time,  called  by  foreign  writers  true 
time,  is  that  determined  immediately  from  the  sun, 
by  observing  when  his  centre  transits  the  meridian, 
which  is  at  the  instant  of  apparent  noon,  when  a 
new  astronomical  day  commences. 

Mean  time  is  that  which  would  be  observed  every 
day,  if  the  apparent  diurnal  motion  of  the  sun  was 
regular ;  or  that  shewn  by  good  clocks  or  watches, 
which  go  uniformly.     The  mean  day  of  24  hours. 
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pointed  out  by  these^  must  necessarily  be  always  of 
the  same  length. 

The  inequality  in  the  length  of  the  natural  days 
is  termed  the  equation  of  time.  Now  as  astrono- 
mical tables  can  only  be  calculated  to  mean  or 
uniform  time,  the  proper  results  from  an  observation 
cannot  be  obtained,  till  the  observed  or  apparent 
time  is  reduced  to  mean  time  ;  for  which  purpose 
proper  tables  are  calculated,  called  tables  of  the 
equation  of  time. 

These  are  inserted  on  the  second  page  of  every 
month  in  the  Nautical  Almanack,  for  the  noon  of 
each  day  at  Greenwich.  It  is  marked  suhtractive^ 
when  the  sun  comes  to  the  meridian  sooner,  and  ad^ 
ditive,  when  it  comes  to  the  meridian  later  than  the 
time  of  mean  noon ;  that  is^  the  quantity  given  by 
the  table  is  to  be  subtracted  from  apparent,  in  order 
to  obtain  mean  time,  in  the  first  case,  and  added  to 
it  in  the  second. 


OF  CORRESPONDING  OR  E€lUAL   ALTITUDES. 

At  equal  distances  from  the  meridian^  a  star  has 
equal  altitudes.  If,  therefore,  equal  altitudes  of  an 
heavenly  body  be  taken  on  different  sides  of  the  me- 
ridian, the  middle  point  of  time  between  the  obser- 
vations will  give  the  time  when  the  body  is  upon  the 
meridian,  if  it  has  not  changed  its  declination.  By 
this  means  the  time  when  any  body  comes  to  the 
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meridian  may  be  ascertained  ;  and  when  applied  to 
the  sun,  or  a  fixed  star,  the  rate  at  which  a  clock 
(adjusted  to  the  mean  solar  or  siderial  time)  gains  or 
loses  may  be  determined  with  accuracy. 

The  method  of  ascertaining  time  by  equal  alti- 
tudes is  universally  used  by  practical  astronomers, 
because  it  depends  neither  on  an  accurate  know- 
ledge of  the  latitude,  nor  on  that  of  the  declination  ; 
for  these  elements  are  only  necessary  in  taking  out 
the  equation  of  declination,  and  any  probable  er- 
ror therein  will  not  sensibly  affect  that  equation  ; 
neither  does  it  depend  on  the  exact  quantity  of  the 
altitude,  provided  only  it  be  the  same  in  both  ob- 
^rvations. 


OF  THE  BIGHT  ASCENSION  AND   DECLINATION  OF 
THE  STARS. 

The  decimation  of  stars,  &c.  is  easily  found  by  ob- 
serving their  meridian  altitudes ;  and  their  right 
ascension  is  also  easily  attained  by  knowing  how  to 
measure  time. 

For  as  all  stars  in  the  same  circle  of  declination 
have  the  same  right  ascension,  it  follows,  1st,  That 
all  stars  passing  at  the  same  time  through  the  same 
meridian,  have  then  the  same  right  ascension.  Sdly, 
The  right  ascension  of  stars  passing  the  meridian  at 
different  times,  differ  in  proportion  to  the  intervals 
of  the  times  of  their  passage. 

Example.  Tlie  stars  make  a  revolution  in  23^  bQ'4^^ 
mean  time.     If,  therefore,  by  a  clock  regulated  to 
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mean  time^  and  an  instrument  fixed  in  the  plane  of 
the  meridian^  or  by  corresponding  altitudes^  or  other- 
wise, a  star  be  observed  to  pass  the  meridian  one 
hour  after  the  other  ;  say  as  23^  56'  4'',  the  time  of 
one  revolution,  is  to  36o°  of  the  equator  passed  over 
the  meridian  in  the  same  time,  so  is  one  hour,  the 
difference  between  the  transit  of  the  stars,  to  1 5°2'28", 
difference  between  their  riglit  ascensions  ;  then  the 
right  ascension  of  one  being  known,  the  other  is 
also  known. 

Whence  it  follows,  that  to  determine  the  right 
ascension  of  any  star,  or  even  of  all  the  stars,  it  is 
sufficient  to  know  the  right  ascension  of  one  star 
only,  and  to  have  a  clock  which  shews  an  equal  in- 
terval of  time  for  .the  diurnal  revolution  of  the  several 
different  fixed  stars. 

Problem  ix.     To  reduce  the  degrees  of  the  equator 
into  time,  and  time  into  degrees  of  the  equator, 

1 .  To  reduce  degrees  into  time,  multiply  by  4  ; 
observing  that  minutes,  when  multiplied  by  4,  pro- 
duce seconds,  and  degrees  produce  minutes. 

Reduce  23**  56'  into  time. 

23°  56'  ^ 

4 


1^33'  44'' 


G  G  4 


473  OF    REDUCTION    FROM 

Reduce  69''  20'  45"  into  time. 
4 


4'^  37'  23"  OO'^'"'^*- 

2.  To  reduce  time  into  degrees,  multiply  by  10 
in  a  similar  manner,  and  increase  the  produce  one 
half,  or  divide  the  time  by  4. 

Reduce  l''  33'  44''  into  degrees, 
1^  33'  44" 
10 


15   37   20 
Half  7  48  40 


Degrees  23  26     O 

Reduce  4^  37'  J23"  to  degree^, 
10 


46  13  50 

Half  23     6  55 


Degrees  69  20  43 


OF    REDUCTION    FROM    ONE    MERIDIAN    TO   ANOTHER. 

As  all  the  heavenly  bodies  rise,  culminate,  and 
set,  sooner  to  those  who  are  tow^ards  the  east,  and 
later  to  those  who  are  towards  the  west,  and  as  all 
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tables  and  calculations  in  England  for  astronomy  and 
navigation  are  adapted  to  tlie  meridian  of  Green- 
wich, it  is  necessary  for  those  who  may  be  under  any 
other  meridian,  to  be  able  to  find  the  time  at  Green- 
wich corresponding  to  that  pointed  out  by  their  owu 
clocks  and  watches. 

Without  this  reduction  no  calculations  can  be 
made  from  such  tables,  or  from  the  various  articles 
contained  in  the  Nautical  Almanack,  relating  to  the 
longitude,  right  ascension  and  declination  of  the 
sun,  the  equation  of  time,  moon's  motion,  &c.  so  as 
to  adjust  them  to  any  other  meridian  than  that  for 
which  they  were  made. 

To  find  the  time  at  Greenwich  corresponding  with 
any  given  time  under  another  meridian. 

1 .  Find  the  difTersnce  of  longitude  between  the 
two  meridians,  or  how  much  the  given  place  or  me- 
ridian is  to  the  east  or  west  of  Greenwich,  and  reduce 
this  difference  to  time,  by  the  foregoing  rule. 

2.  If  the  given  place  be  east  of  Greenwich,  sub- 
tract the  difference  of  meridians  from  your  time  ;  if 
it  be  west,  add  the  difference  to  your  time.  The  re- 
sult will  give  the  time  it  then  is  at  Greenwich. 

N.  B.  The  time  being  given  at  Greenwich,  the 
corresponding  time  under  any  other  meridian  is 
found  by  reversing  this  rule. 

Example,  What  is  the  time  at  Greenwich,  when 
it  is  8*^  17'  19'''  at  Jerusalem,  35'  3o''  east  of  Green- 
wich, or  in  time  2'^  21'  23""  ?   Answer,  b^  55'  b^'\ 
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Required  the  time  at  Greenwich,  when  it  is 
23^  32'  17"  at  Boston,  on  the  12th  of  June;  Boston 
being  4^  42'  29'^  west?  Answer,  28^  14'  46'',  or 
4^^  14'  46"  P.M.  on  the  13th  of  June. 

What  is  the  time  at  Jerusalem,  when  it  is 
2li^  49'  17'',  on  the  9th  of  September  at  Green- 
wich? Answer,  24^  10'  3f\  or  o''  lo'  37"  on  the 
10th  of  September. 

Again,  required  the  time  at  Boston,  when  it  is 
3^^  37'  O"  on  the  1st  of  May  at  Greenwich  ?  Answer, 
22^  54'  31''  of  the  last  day  of  the  preceding  montli, 
or  10^  54'  31''  of  civil  time,  on  the  morning  of  the 
1st  of  May. 

N.  B.  To  know  the  time  at  Paris,  Genoa,  &c. 
when  it  is  any  given  time  where  you  are,  take  the 
difference  between  your  meridian  and  that  of  Paris, 
&c.  and  then  proceed  as  in  the  foregoing  rule. 


Tojind  any  of  the  motions  of  the  sun  or  planets,  the 
equation  of  time,  right  ascension,  declination,  semi- 
diameter,  and  parallax  of  the  moon;  also  the  moon^s 
distance  from  the  stars,  Jor  any  given  time,  under 
any  oth^r  meridian, 

Ihile.  1st,  Find  by  the  preceding  problem,  the 
time  at  Greenwich  which  corresponds  to  the  time 
under  the  given  meridian.  2dly,  Take  the  daily,  the 
lialf  daily,  &c.  (according  to  the  interval  for  which 
you  are  to  calculate)  variation  from  the  Nautical 
Epheitteris,  and  by  even  proportions  find  the  time 
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that  corresponds  to  the  interval  between  this  time, 
and  that  given  in  the  Ephemeris.  Sdly,  Add  or 
subtract  this  variation  according  as  the  motion  is 
increasing  or  decreasing. 

Example.  What  is  the  sun's  dechnation  at  Green- 
wich, March  27,  179^5  ^it  9^.  The  reason  why 
Greenwich  is  mentioned,  and  not  any  other  place,  is, 
because  tlie  time  at  whatever  place  you  may  want 
the  declination,  is  supposed  to  be  already  reduced  to 
that  of  Greenwich,  as  the  first  step  to  be  attended  to 
in  all  such  problems. 

March  28.     Declination  at  noon      3°  lO' 47' N. 
March  27.     Ditto         Ditto  2     47  23 

Variation    of    declination    in    24 
hours     -         .         -         -         - 

Variation  in  9  hours,  by  proport. 
Which,  added  to  declination 

Gives  the  required  declination      -      2    56     9 

Example,  Required  the  sun  s  declination  1  J^O, 
August  24,  2^  57'  at  Greenwich? 

August  24.     Dechnation  at  noon 
August  25.         Ditto        Ditto 

Variation  in  24  hours 

Variation  in  2  hours  57  minutes 

Which  subtracted  from 

Gives  the  declination  required     -     10    56  23 


0 

23 

24 

0 

8 

46 

2 

47 

23 

10° 

68'  59" 

10 

38  16 

0 

20  43 

0 

2  S6 

10 

58  59 

C,  4r6  ] 


Problem  x.  To  find  at  what  time,  by  a  clock 
keeping  mean  time,  any  fixed  star  will  be  on  the 
meridian  on  any  given  day- 

The  right  ascension  of  the  stars  being  reckoned 
on  the  equator,  they  pass  the  meridian  successively 
ins  times  proportional  to  their  respective  distances 
therefrom.  The  distance  of  a  star  from  the  meridian 
is,  therefore,  nothing  more  than  its  difference  in 
right  ascension  from  the  sun  reduced  to  time ;  from 
whence  it  is  plain,  that  to  find  the  time  when  any 
star  comes  to  tlie  meridian,  you  must  subtract  the 
right  ascension  of  the  sun  at  noon  from  that  of  the 
star ;  the  difference  is  the  time  required. 

This  simple  calculation  would  be  sufficient  in  ge- 
neral for  finding  the  time  when  a  star  transists  the 
meridian,  if  it  always  preserved  the  same  difference 
in  right  ascension  from  the  sunv:  but  the  sun,  by  its 
diurnal  acceleration,  approaches  the  star  insensibly ; 
and  will  consequently  pass. the  meridian  sooner,  by  a 
quantity  proportional  to  this  acceleration,  and  its 
distance  from  the  sun.  It  is  therefore  necessary  to 
subtract  from  the  quantity  first  found  another  small 
quantity,  that  may  be  ascertained.  Hence  the  fol- 
lowing 

Rule,  Take  the  difference  between  the  sun  s  and 
planefs  motion,  in  right  ascension  in  24  hours,  if 
the  planet  is  progressive  ;  or  their  sum,  if  retrograde : 
then  say, 


PROBLEMS.  477 

As  24  hours,  diminished  by  this  sum  or  difference, 
when  the  planet's  motion  is  greater  than  the  sun's, 
or  increased  by  it,  when  the  sun  s  motion  is  the 
greater, 

Is  to  24  hours. 

So  is  the  difference  between  the  sun's*  and  planet's 
right  ascension  at  noon  to  the  time  required. 


For  a  Star. 

Take  the  increase  of  the  sun's  right  ascension  in 
24  hours,  and  add  to  it  24  hours ;  then  say. 
As  this  sum 
Is  to  24  hours. 
So  is  the  difference  between  the  sun's*  and  star  t 

right  ascension 
To  the  time  required. 

Examples, 

On  July  1st,  1767?  the  sun's  right  ascension 
when  on  the  meridian  of  Greenwich,  was  6^  40'  25"; 
and  on  July  2d,  it  was  6^  44'  33^' :  also  the  moon's 
right  ascension  was  139*^  2  ;  and  on  July  2d,  it  was 


*  In  the  latter  part  of  both  these  rules,  the  sun*s  right  ascension  is 
to  be  taken  from  the  planet's  or  star's  right  ascension;  and  if  their 
right  ascensions  should  be  less  than  the  sun's,  they  must  be  increased 
by  94  hours,  before  you  subtract. 
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169^  39'.     Required  the  time  of  the  moon  s  imsgaj^e 
over  the  meridian  ? 


Sun's  O's  R.  A.  July  1,     6^'  40'  25" 
2,     6     44    33 


Daily  increase "^  0      4      8 

Moons  J's  R,  A.  159''  2'      lO'^  36'    8' 
16939       11     18  3G 


Daily  increase  O  42  28 
Moon's  motion  in  24  hours  42'  28' 
Sun's  -         -         -         -       4     8 


Difference     38  20 

Stln'sR.A.at^oon     -     &'  4o'  25" 
Moon's  R.  A.  at  noon  10    36      8 


Difference    3    55    43 


As 

24^  38' 

20' 

PROBl 
'=23»»  21 

6o 

/40':  i 

84100 
84100 
84100 

24  ::  3^' 55' 
6o 

235 

6o 

14143 
24 

47,9 
43" 

.  1401 

6o 

84100 

50572 

28286 

\339432/ 
1336400  \; 

4^  2'9  ' 

3032 

6o 

\l8192o/ 
Jl68200l 

2 

13720 
60 

\82320o/ 

J7569  V 

9 

66300 
Answer^  4^  2  9",  the  time  required. 
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At  wliat  time  will  the  star  Arcturus  come  to  the 
meridian  of  Greenwich  on  the  1st  of  Sept.  1787  ? 

Sun  s  R.A.  1  Sep.  10^  4l'  59'  Star's  R.A.  14i>  6'    6" 
-     -     2  10  45   37  -     -      10  41    59 


Increase  in  24^  o     3  38  DifF.     3  24     1 

As  24^3  38':  24'  ::  3'^  24' 1    :  3"  23' 31'',  the  time 
required. 


Problem  xr.  To  find  the  altitude  of  the  sun,  or  any 
other  celestial  hodj/. 

This  consists  in  the  simple  application  of  the 
quadrant  to  a  celestial  body,  in  the  same  manner 
as  I  have  already  shewn  with  respect  to  terrestrial 
objects. 

The  quadrant  being  adjusted  as  it  should  be  in 
all  cases  previous  to  its  use,  the  celestial  body  must 
be  viewed  through  the  sights,  and  the  plumb-line 
will  shew  its  altitude  on  the  graduated  limb  of  the 
instrument. 

If  the  observation  be  made  on  the  sun,  the  dark 
glass  must  be  used  to  defend  the  eye,  or  the  lumi- 
nous spot  formed  by  the  small  hole  must  be  made  to 
fall  Qn  the  centre  of  the  cross  immediately  beneath 
the  eye-hole. 

The  sun  having  no  visible  point  to  mark  out  its 
centre,  you  must  take  the  altitude  either  of  the  up- 
per or  lower  limb.  If  the  lower  limb  be  observed,  you 
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must  add  the  sun's  semidiameter  thereto,  in  order  to 
find  the  altitude  of  the  sun  s  centre.  If  the  altitude 
of  the  upper  limb  be  observed,  the  semidiameter  must 
be  subtracted.  The  mean  semidiameter  of  the  sun  is 
16  minutes,  which  for  common  observation  may  be 
taken  as  a  constant  quantity,  for  the  greatest  devia- 
tions from  this  quantity  scarcely  exceed  a  quarter  of 
a  minute.  When  greater  accuracy  is  aimed  at,  the 
semidiameter  may  be  taken  from  the  Nautical  Alma- 
nack. The  observed  altitude  of  the  sun's  lower  limb 
being  18°  41',  add  thereto  16  min.  for  the  sun's  se- 
midiameter, and  you  obtain  18°  5/',  the  central 
altitude. 

The  apparent  altitudes  of  all  the  heavenly  bodies 
are  increased  by  refraction,  except  when  they  are 
situated  in  the  zenith.  An  observed  angle  of  a  star, 
or  any  other  object  in  the  heavens,  must  be  dimi- 
nished a  small  quantity,  to  be  taken  from  the  table 
of  refractions. 

Where  greater  exactness  is  required,  a  small  quan- 
tity is  to  be  added  to  the  error  occasioned  by  paral- 
lax, or  tlie  difference  between  the  altitude  of  an  ob- 
ject as  seen  from  the  centre  and  the  surface  of  the 
earth.  1  hat  from  the  centre  is  the  true  altitude,  and 
the  greatest,  except  at  the  zenith,  where  parallax  va- 
nishes ;  consequently  the  apparent  altitude  of  the 
sun  is  to  be  augmented  by  a  small  quantity  taken 
from  the  table  of  the  sun's  parallax. 

June  6,  1788,  the  apparent  altitude  of  the  sun's 
lower  limb  was  observed  to  be  62°  19' ;  required  the 

H  H 


483  PROBLEMS. 

true  altitude  of  the  sun's  centre,  as   seen  from  the 
centre  of  the  earth. 

.    .  .  Observed  altitude 
„    .   Semidiameter 


Subtract  from  refraction 


G'l" 

19' 

16 

62  ^ 

'35 

30 

62 

34  30 

4 

r  K 

'■HJ    ^    . 

62 

34  34 

Add  for  parallax 
Truie  central  altitude   - 


If  it  is  a  fixed  star  that  has  been  observed,  there 
is  no  correction  for  semidiameter  or  parallax ;  you 
have  only  to  subtract  foi^  refraction,  in  order  to  ob- 
tain the  true  altitude. 

Thus,  let  the  observed  altitude  of 

Arcturus  be  -         -         -         38°  40' 

Subtract  for  refraction     -         -  110 


True  altitude  -         -         -         3H    38  50 

Problem  xii.     Tojind  the  latitude  of  the  place  of 
"  observation. 

When  the  sun  or  a  star  is  nearly  on  the  meridian, 
or  a  few  minutes  before  twelve  at  noon,  take  its  alti- 
tude, and  repeat  this  observation  at  short  intervals  of 
time,  till  it  is  found  neither  to  increase  nor  diminish. 
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i  s  I  r;or  s-reatest  altitude,  is  the  meridian  alti- 
tude.  Wlieii  the  sun  is  the  object,  you  must  obtain 
the  true  central  altitude,  by  correcting  for  semidia- 
meter  and  refraction,  as  shewn  in  the  preceding  pro- 
blem. 

Having  obtained  the  meridian  altitude,  the  first 
object  for  consideration  is,  whether  the  latitude  be 
north  or  south,  and  whether  the  declination  of  the 
object  be  north  or  south.  If  the  latitude  and  decli- 
nation be  both  north  or  both  south,  they  are  said  to 
be  of  the  same  name  ;  but  if  one  be  north  and  the 
other  south,  they  are  said  to  be  of  different  deno- 
minations. 'I'his  being  determined  to  find  the  lati- 
tude. 

1.  Take  the  given  altitude  from  90°  to  find  the 
zenith  distance.  2.  If  the  zenith  distance  and  declina- 
tion be  of  one  name,  subtract  one  from  the  other, 
and  the  difference  is  the  latitude ;  but  if  they  have 
contrary  names,  their  sum  gives  the  latitude. 

The  latitude  is  always  of  the  same  name  with  the 
dechnation,  unless  when  the  declination  has  been 
subtracted  from  the  zenith  distance. 


H  u  2 
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Example. 

Aug.  17,  1776,   Cambridge.      The 

apparent    altitude    of  the    sun's 

lower  Umb       -         -         -         -     53°  46' S' S. 
Sun's  semidiameter       -         -         .  lf> 


Apparent  altitude  ofthe  sun's  centre     54       2  8 
Subtract  for  refraction  -         -  41 


Real  altitude  of  the  sun's  centre      -  54     1   27 
This  sum,  taken  from  90°,  gives  the 

zenith  distance  of  the  sun's  centre  35  58  53 

Add  for  the  sun's  declination          -  1 6  13  57 


The  sum  is  the  latitude  of  Cam- 
bridge -         -         -         -     52  12  30 

N.  R.The  sun's  declination,  as  found  in  the  tables, 
is  to  be  reduced  by  the  rules  given  p.  474,  to  the 
meridian  of  observation. 

Nov.  6,  1792,  Long.  158°  W.  the  meridian   alti- 
tude of  the   sun's   lower   limb  was  observed  to  be 
87°  37'  N.  required  the  latitude  ? 
Observed  altitude  -         -         -     87°  37' N. 

Sun's  semidiameter       -         _         -  16 


Altitude  of  the  sun's  centre  -  -  87  53 
This  from  90,  gives  the  zenith  distance  2  7 
Declination  reduced     -         -         -      l625S. 


Latitude  required  -         -  -      18    32  S, 
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Dec.  1,  1793.     The  observed  meridian  altitude 

of  Siritts  was  59°  50^  S.  required  the  latitude  ? 

Observed  altitude     .     -  -     59°  50'  S. 

Zenith  distance  -     -     -  -     30     10  N. 

Declination  of  Sirius     -  -     16    27  S. 

Latitude  required     -     -  -     13    43  N. 


Problem  xiii.     To  find  the  time  hy  equal  or  cor^ 
i^esponding  altitudes. 

This  problem  is  of  extensive  use,  for  the  basis  of 
all  astronomical  observation  is  the  determination  of 
the  exact  time  of  any  appearance  in  the  heavens ; 
w^hich  cannot  be  obtained,  unless  you  are  assured  of 
the  going  of  your  watch  or  clock.  I  have  before 
shewn  you,  that  a  mean  solar  day  is  always  consi- 
dered as  of  the  same  determinate  length  ;  but  the 
length  of  an  apparent  day  is  variable,  being  some- 
times longer,  sometimes  shorter,  than  a  mean  day. 
The  instant,  therefore,  of  apparent  noon  will  some- 
times follow,  at  others  precede,  that  of  mean  noon. 
The  interval  between  apparent  an4  mean  time,  is 
called  the  equation  of  time. 

To  find,  then,  the  time  of  apparent  noon,  observe 
the  sun's  altitude  in  the  morning,  and  also  the  time 
by  a  clock  or  watch.  Leave  the  quadrant  in  the  same 
situation,  taking  care  that  its  position  be  jiot  altered 
by  any  accident;  and  in  the  afternoon,  direct  it 
to  the  sun,  by  moving  the  index  of  the  hori^ontftl 
hh3 


486  PROBLEMS. 

circle  only,  and  observe  the  time  when  the  stin  s  aU 
titude  corresponds  with  that  to  which  the  quadrant 
was  set  in  the  morning.  Add  the  times  of  obser- 
vation together ;  the  middle  instant  between  these 
times  of  observation  is  that  of  apparent  noon  :  this 
being  corrected,  by  adding  or  subtracting  the  equa- 
tion of  time,  gives  the  time  of  true  noon.  If  it  be 
precisely  XII,  the  clock  is  right ;  but  if  it  differ^  the 
clock  is  faster  or  slower,  by  the  quantity  of  the  dif- 
ference greater  or  less  than  XII. 


Thus,  suppose  the  time  in  the  morn- 
ing to  be  -  - 
That  in  the  afternoon 


21h 

35'  8'' 

2 

55  43 

24 

30  51 

12 

15  25i 

13  3 

The  time  of  noon  by 
Equation  of  time    - 

Mean  noon  by  watch  -  -12      232i 

The  watch  is  therefore  2  min.  22  sec,  too  fast. 

To  be  more  particular  and  accurate.  In  our  lati- 
tude, the  altitudes  should  be  taken  when  the  sun  is 
at  least  two  hours  distant  from  the  meridian.  The 
best  time  is  when  the  sun  is  on  or  near  the  prime 
vertical,  or  east  and  west  point  of  the  compass  ;  be- 
cause his  motion  perpendicular  to  the  horizon  is 
greater  at  that  time. 

About  this  time,  in  the  forenoon,  take  several  al- 
titudes of  the  sun,  writing  down  the  degrees  and  mi- 
nutes shewn  on  the  arch,   and  also  the  exact  time 
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shewn  by  the  clock  at  each  observation  :  the  obser- 
vations to  be  written  one  below  the  other,'  in  the 
order  they  were  made  ;  the  time  of  each  observation 
being  previously  increased  by  1 2  hours. 

In  the  afternoon,  set  the  index  to  the  same  de- 
gree and  minute  as  the  last  observation,  note  exactly 
the  time  shewn  by  the  clock  when  the  sun  is  come 
down  to  the  same  altitude,  and  write  down  the  time 
opposite  to  the  last  morning  altitude ;  proceed  in  the 
same  manner  to  note  the  time  of  all  the  altitudes 
corresponding  to  those  taken  in  the  morning,  writing 
down  each  of  them  opposite  to  that  morning  one 
with  which  it  corresponds. 

Half  the  sum  of  any  pair  of  corresponding  alti^ 
tudes,  will  be  the  time  of  noon  by  the  watch  un- 
corrected. Find  the  mean  of  all  the  times  of  noon 
thus  deduced  from  each  corresponding  pair  of  obser- 
vations ;  which  correct  for  the  change  in  the  sun's 
declination,  and  you  obtain  the  exact  time  shewn 
by  the  clock  at  solar  noon.  This,  corrected  by  the 
equation  of  time,  gives  the  time  of  mean  noon:;  and 
the  watch  is  too  fast  or  too  slow,  according  as 
the  time  of  nooi^  thus  found  is  more  or  less  than  13 
hours. 

Example  1.  Equal  altitudes  taken  June,  1783. 


Morning. 

Afternoon. 

20^  55'    46" 

3^  8'  44' 

20     57    41 

3    6  48 

20     59    27 

.1^!^  ^i 

HH  4 
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1st  pair  SO**  56-  46*     2d  pair  20"  57'  41*      3d  pair  20^  5&-  27' 
3     8     44  3     6     48  3     4     58 


Sum    24     4     30  24     4     29  24     4     25 

I  sum    12     2     15  12     2     14|  )2     2     IQj 

As  the  seconds  differ,  add  them  together,  and  dir- 
vide  the  sum  by  3  (the  number  of  pjiirs)  which 
gives  you  a  mean 

15 
141- 


3  )  42 

^     H 
Therefore  the  mean  of  the  observed 

time  is        -         -         -         -         -     12'i   2'  14'' 
Equation  for  six  hours  difference  in 

decHnation  -         -         -         .  8 


Time  per  w^atch  of  me^n  noon  -         r     12     2148 
Equation  of  time    -         --         -         *  1551 


Time  per  watch  of  mean  noon  -     12     0  1 9  7 

The  watch  is  19  seconds  7  thirds  too  fast  for  mean 
time. 

Example  2.     Jan.  29,  1 786. 

Morning.  Afternoon. 

21h  35'      8''  2^  55'  43'' 

21     36       8  2     54     42 

21     38       9  2     52     41   2 

21     39    13i  2     51     38 
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h.    m*     s. 

h.    m.     s. 

h.    m      3. 

h.   m.    s  th. 

Isfpr. 

•21  35     8 

2d  21  36     S 

Sil 

21  3S     9 

4tlj2l  39  12  5 

2  53  43 

2  54  4^^ 

- 

*i  52  41  2 

2  51  3S 

Sum 

24  30  51 

21  30  50 

24  30  50  2 

2  4  30  50  5 

1  sum 

12  15  25  5 

1       12  15  25 

12  15  25  1 

12  15  25  2 

The  difference  here  is  only  among  the  thirds, 
which  added  together  are  S''',  divided  by  4  we  have 
2,     Therefore 

The  mean  of  the  observed  time  is     12^  15'  25 '2''' 
Equation  for  dechnation      -         f  20  2 


Tirne  of  apparent  noon  by  watch  -     12     15     5  0 
Equation  of  time  -         -         r-       013  29  8 


Time  by  watch  of  mean  noon       -     12       I  35  ^ 
Watch  too  fast  fpr  mean  timp     \.  135  2 

■\ 

PliOBLEM  xiy.  To  Jind  the  error  of  a  cloch  or 
watch f  by  corresponding  or  equal  altitudes  of  ajixed 
star. 

Rule  1.  Add  half  the  elapsed  time  between  the 
observations,  to  the  time  when  the  first  altitude  was 
taken,  and  you  have  the  time  of  the  star  s  transit 
over  the  meridian  per  watch. 

Rule  2.     Subtract  the  sun's  right  ascension  from 
the  sti^r's,  increased  by  24  hours,  if  necessary.    Take 
the  increase  of  the  sun's  right  ascension  in  24  hours, 
and  add  to  it  24  hours  ;  then  say. 
As  this  sum 
Is  to  24  hours. 
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So  is  the  difference   between  the  sun    and   star's 

right  ascension 
To  the  true  time  of  the  star  s  transit. 

If  the  watch  be  regulated  to  solar  time,  the  dif-. 
ference  between  the  true  time  of  the  star's  transit 
and  the  time  shewn  by  the  watch,  will  be  the  error. 

If  your  meridian  be  different  from  that  of  Green- 
wich, say. 
As  24  hours 
Are  to  the  daily  difference  of  the  sun's  right  ascen-. 

sion  ; 
So  is  the  longitude,  in  time, 

To  a  proportional  part,  which  must  be  added  to  the 
true  time  of  the  star's  transit,  if  tlie  longitude  be 
east^  but  subtracted  if  w^est. 
If  the  watch  be  regulated  to  mean  solar  time,  that 
is,  if  it  divides  the  time  equally,  apply  the  equation 
of  time  as  directed  in  page  2  of  the  Nautical  Alma- 
nack, to  the  true  apparent  time  of  the  star's  transit^ 
before  you  subtract. 

Example. 

On  the  6th  of  November,  1787,  at  ll'>  lO'  9'' KM. 
and  at  1 6^  4'  15"  solar  time,  the  star  Aldebaran  had 
equal  altitudes  at  Greenwich.  Was  the  watch  too 
fast  or  too  slow  ? 


s) 


16"      4' 
11       10 

15" 
9 

)   4      64 

6 
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Half   elapsed    time       2  27     3 
Time  1st  altitude         11    10    9 


Star  s  transit  per  watch 

13  37   12 

Star's  R.  A.    * 

4  23   50 

24 

Sun's  R,  A.   ^ 

28  23  50 
14   46   15 

Difference 

13   37  35 

Sun  s  R.  A.  Nov.  6. 

-        -         7.        - 

14  46  15 
14  50   15 

Increase  in  24  hours       -       0     4     0 

As  24^  4'  :  24^  ::  13^37' 35":  13^35'  ip'truetime. 
Time  per  watch  13  37  12 


Watch  too  fast       O     I  53 


On  July  13,  1792,  in  longitude  23®  26'  E.  the  fol- 
lowing equal  altitudes  of  Altair  were  observed.— 
Required  the  errors  of  the  watch  ? 


492 


PROBLEMS. 

Time  per  Watch. 

Altitude. 

Time  per  Watch. 

8M7'    O'  - 

27°  23'     - 

14^^35^57" 

8   19   16     - 

27   40     - 

14  33   42 

8   20    12      - 

27   55      - 

14  32   44 

8   21    54      - 

28    12      - 

14  31      5 

8   23    16      - 

28  30     - 

14   29   41 

8   25   55      - 

28   52      - 

14  27      1 

Sum   50     7  33  87   10   10 


Mean  8  21    15  5  -  14  31   41   6 

Mean  time  of  1st  observation        8  21    15  5 
Mean  time  of  2d  observation      14  31  41  6 


2)  6  10  26  1  diff. 


Half  elapsed  time     -      3     5   13 

Star's  R.  A.         -         19  40  40 
Suns  R.  A.  -  8  13  41 


Difference,       -         11   26  59 

Sim's  R.  A.  at  noon,  23d  July     8   13  41 
Ditto  -  24th  July     8   I7  39 


Increase  in  24  hours  -  0     3  58 

True  time  of  Star's 
transit. 

24^3'  58"  :  24  ::    11^  26'  59"  :    11^' 25'  5" 
24^:3^58"::  1^3344"  pro.  part.   0     0   16' 
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True  time  of  star's  transit  corrected 

for  longitude        -             -             -  11   25  21 

Time  per  watch       -            -    '         -  1 1  26  28 


Watch  too  fast  for  apparent  time      -  O     1     7 

Secondly^  Suppose  the  watch  had  been  regulated  to 

mean  solar  time ;  then 
True  apparent  time  of  star's  transit, 

as  above  -  -  -  -         11   25  21 

Equation  of  time     -  -  -  0     6     3 


True  mean  solar  time  -  -         11  31  24 

Time  per  watch       -  -  -         11   26  28 


Watch  too  slow  for  mean  time         -  O     4  56 

Problem  xv.  To  draw  a  meridian  Une,  or  tojind 
the  cardinal  points  of  the  compass  y  hy  equal  altitudes 
of  the  sun,  or  a  star. 

If  equal  altitudes  of  the  sun  be  taken,  as  directed 
in  problem  xiii,  and  the  place  of  the  index  on  the 
horizon  circle  be  carefully  noted  at  each  time  of  ob- 
servation, the  middle  degree  or  part  between  each, 
will  be  the  place  where  the  index  will  stand,  when 
the  sights  of  the  quadrant  are  directed  to  the  south, 
or  north,  according  as  the  sun  is  to  the  southward 
or  northward  of  the  place  of  observation  at  noon. 
Set  the  index  to  this  middle  point,  and  direct  the 
sights  of  the  quadrant  to  some  remote  and  fixed  ob- 
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ject  on  the  earth.  This  object  wiirbe  a  south  meri- 
dian mark,  and  will  serve  to  set  theqnadl'ant  at  any 
future  time.  Then  take  up  the  instrument,  and  arf- 
ter  setting  the  index  to  0,  place  it  again  on  the  table, 
or  support,  and  move  the  whole  instniment,  not  by 
any  of  its  parts,  but  entirely  about  upon  the  table, 
till  the  sights  are  truly  directed  to  the  meridian  mark. 
Adjust  the  horizontal  circle  by  prob.  i,,  a.n.d,  the  m. 
dex  will  then  serve  to  shew  the  true  bearing  of  any 
object ;  because  the  diameter  joining  the  tWQzeroi, 
or  00s,  answers  to  the  meridian  line. 

If  the  table  or  supporter  be  immoveable,  it;;will  be 
proper  to  make  three  marks  or  indentations,  to, re- 
ceive the  points  of  the  screws ;  by  which  means  the 
horizontal  circle  may  be  instantly,  at  any  time,  set 
in  its  proper  position,  with  respect  to  the  cardinal 
points  of  the  horizon. 

It  often  happens,  that  th^re  is  not  any  window  in 
a  house,  from  which  the  sun  can  be  seen  morning 
and  evening.  In  this  case  the  meridian  may  be  de- 
termined by  observations  of  equal  altitudes;  of  the 
pole-star,  or  any  other  near  the  pole* 


Problem  xvi.     To  Jind  the  time  hj  the  suns^  tran- 
sit over  the  jncridian. 

Adjust  the  quadrant  to  the  cardinal  points  by  the 
last  problem,  a  short  time  before  noon.  Set  tlie  in  . 
dex  to  o,  and  elevate  the  quadrant,  so  that  the  sha*- 
dow  of  the  sight  with  the  cross  wire  may  fall  upon 


PROBLEMS.  495 

the  other.  As  the  instant  of  apparent  noon  ap^ 
proaches,  the  bright  spot; formed  by  the  sun's  light 
through  the  lower  hole  in  the  former  sight^  will  be 
seen  approaching  the  mark  on  tlie  latter.  If  the 
observer  chuses  to  look  at  the  sun,  he  must  how 
put  up  the  dark  glass,  and  apply  to  the  observati©nS4 
The  instant  when  the  first  limb,  or  edge  of  the  sun, 
appears  to  touch  the  perpendicular  wire,  and  also 
when  the  latter  limb  appears  to  leave  it,  must  be 
noted  by  the  clock  or  watch.  The  middle  time  is 
the  apparent  noon.  Or  if.  he  chnses  to  observe  by 
the  bright  spot  only,  the  instant  when  the  spot  is 
seen  upon  the  mark  is  the  apparent  noon  ;  and  this 
corrected  by  the  equation  of  time,  will  shew  how 
much    the  clock  is  fast  or  slow. 


Problem  xvii.     To  find  the  time  by  an  observation 
of  the  suns  altitude  and  azimuth. 

Adjust  the  instrument  /tt?  the  cardinal  points, 
and  observe  the  sun's  altitude.' '  Take  notice  likewise 
of  the  angle  of  azimuth  frcxm)  the!THeridiaia^.as  shewn 
by  the  index.  :         1   t*     -     rj  • 

Then, 
As  the  sine  complement  of  th6  sun  s  declination 
Is  to  the  sine  complement  of  the  altitude  ; 
So  is  the  sine  of  the  azimuth 
To  the  sine  of  the  sun's  horary  anglei 

Which  last  being  reduced  into  time,  by  allowing 
fifteen  degrees  to  one  hour,  and  in  proportion  for  the 
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other  parts,  gives  the  apparent  time',  if  afternoon  ; 
but  if  before  noon,  it  mnst  be  deducted  from  12 
hours,  to  give  the  time.  'J  his  apparent  time  mtist 
be  corrected  by  the  equation  of  time, 

Examjde*     Suppose,  that  on  the  2 1  st  of  June,  the 
sun's  altitude  was  observed  to  be  4G°  25',   and   \\\% 
azimuth  112^  59',  the  dechnation  being  23°  29'. 
As  the  cosine  of  the  sun's  declination 

23^29'        -         .         -         -.         9.9624527 
Is    to     the    cosine  of   the   altitude 

46°  25'       _  -  -  9.8384769 

So  is  the  sine  of  the  azimuth  1 1 2°  59% 

or  67°!'     .         -        -        .         9-9^40797 


19.8025566 
9.9624527 


To  the  sine  of  the  horary  angle  43^ 

47'  13''       -          -         -         _         9.8401039 

As  15^0  1^,  so  is  43'' 47^  13"  to  2^^  55' 8",  the 
apparent  or  true  time  past  noon,  to  9'^  4'  52"  before 
noon :  but  neither  of  these  times  will  agree  with  a 
watch  which  measures  time  equally. 

The  equation  of  time  for  noon  at  Greenwich  is 
V  159'',  the  daily  difference  13" ;  therefore  as  24'^  is 
to  13'',so  is2h55  8"to  1.5";  consequently  J.5"added 
to  1'  15.9'',  or  1'  17-4",  is  the  equation  of  time  to  he 
added  to  the  given  hour:  but  2'^  55^  8"  added  to 
l'l7'',  gives  2''56'25'',  the  time  past  noon  per  watch. 

It  may  be  necessary  to  remark,  that  whenever  you 
apply  the  equation  of  time  to  that  immediately   de- 
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(luced  from  calculation,  you  must  add  or  subtract 
as  the  Nautical  Ephemeris  directs;  and  if  the 
time  is  not  very  near  noon,  you  must  make  a  propor- 
tion as  above;  but  if  you  apply  the  equation  of 
time  to  the  time  per  watch,  you  must  subtract  where 
the  ephemeris  directs  you  to  add^  and  vice  versa.* 

*  The  preceding  examples  will  be  sufficient  to  instruct  the  learner 
in  the  nature  and  uses  of  the  astronomical  instrument,  called  the 
Astronomical  Quadrant.  The  one  herein  described  is  the  ordi- 
nary sort  as  adapted  to  the  use  of  schools  or  teachers.  For  more 
accurate  purposes,  or  for  correct  observations  in  the  observatory, 
they  were  made  of  larger  dimensions,  and  contained  a  variety  of  essen- 
tial additions,  for  accurate  adjustment,  and  nicety  of  observation, 
so  as  to  read  the  observed  angle  off  to  a  minute,  to  30,  10,  or  5  seconds 
of  a  degree.  The  late  ingenious  and  superior  artist,  Mr.  Rmyisden, 
constructed  the  principle  of  a  vertical  circle,  so  as  either  to  move  in  the 
meridian  or  to  turn  out  of  it  occasionally,  to  take  azimuths,  equal  alti- 
tudes, &c.  &c.  which,  from  its  construction,  rendered  it  far  superior  to 
the  quadrant  in  point  of  correctness,  and  more  permanent  in  its  figure 
and  adjustment.  The  present  skilful  Mr.  Troughton,  has  constructed 
for  various  observations  similar  circles  with  improvements  and  great  per- 
fections, and  we  now  entirely  dispense  with  the  large  astroiiomical 
quadrants  for  adoption  of  the  Astronomical  circle.  In  lieu  of  such 
an  instrument  as  this,  it  may  be  right  to  inform  the  learner,  or  young 
student,  that  a  good  portable  sextant,  with  silver  arch  that  admits  the 
angle  to  be  read  otf  to  30",  or  less,  assisted  by  a  quicksilver  artificial 
liorizon  wiih  a  parallel  glass  roof,  form  the  best  apparatus,  for  taking 
altitudes,  and  angular  distances  of  the  celestial  bodies,  in  order  to 
determii.e  the  time,  or  the  latitude  and  longitude  of  the  place  wherein 
the  observation  is  made,  in  a  manner  similar  to  the  directions  herein 
given. 

For  fixed  stations  or  observatories,  the  Transit  Telescope  is  a  very 
simple  and  exact  instrument  for  determining  by  observations  of  the 
celestial  bodies  passing  over  the  meridian  of  the  place  their  right 
ascensions,  Declinations,  &c.  and  with  the  assistance  of  a  clock  or 
watch  ascertain  their  rate  of  going,  and  determine  the  longitude  of  the 
place,  &C.&C.  Plate  12,  fig.  3,  represents  one  of  a  portable  and  most 
improved  kind,  AB  a  Telescope  about  20  inches  long,  CD  its  axis,  £  a 
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OF   THE 

EQUATORIAL, 

OR 

UNIVERSAL  SUN-DIAL 

A^D  ITS  USES. 


i  HE  plumhMne,  or  direction  in  vvliicli  gravity  acts, 
being  the  only  line  we  can  at  all  times  have  imme- 
diate recourse  to,  for  determining  the  position  of 
objects,  is  the  chief  particular  to  which  the  circles 
in  the  instrument  last  described  are  adapted;  and 
accordingly  their  planes  are  placed  the  one  parallel, 
and  the  other  perpendicular  to  that  line.  But  as 
there  are  few  places  on  the  earth,  whose  vertical  or 
horizontal  circles  correspond  with  those  in  which  the 
celestial  motions  are  performed,  it  was  found  neces- 
sary, at  a  very  early  period,  to  construct  instruments 
adapted  not  only  to  the  measurement  of  altitudes 
and  azimuths,  but  also  to  follow  the  heavenly  bo- 
dies in  their  respective  paths,  and  determine  their 
right  ascensions  and  declinations,  more  immediately 
than  can  be  done  by  the  quadrant  and  horizontal 
circle.  The  equatorial  is  the  most  approved  modern 
instrument  for  this  purpose. 


circle  of  declination,  &c.  FG  the  arms  or  supporters,  and  HIK  the  two 
levelling  screws  anci  foot  for  placing  it  level  A  level  is  made  to  adapt  to 
the  axis,  'i'jiis  vork  does  not  here  admit  a  complete  or  further  des- 
cription, but  the  reader  will  see  its  uses  clearly  described  in  Wales  on 
the  longitude  by  Time-keepers,  8  vo.  18IO,andtheextended  treatises  on 
practical  Astronomy  by  Fitice,  De  la  Laride,  &c.  e  dit. 
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It  consists  of  the  following  parts  : 

An  liorizontal  circle  KF,  plate  \4,Jig,  2,  divitCsd 
like  that  of  the  former  instrument,  into  four  quad- 
rants of  90°  each.  But  instead  of  a  moveable  index, 
there  is  a  fixed  nonius  plate  at  N,  and  the  circle 
itself  may  be  turned  on  its  axis. 

In  the  centre  of  the  horizontal  circle  is  fixed  a 
strong  upright  pillar,  which  supports  the  centre  of  a 
vertical  semicircle  AB,  divided  into  two  quadrants 
of  90°  each.  This  is  called  the  semicircle  of  altitude, 
and  supplies  the  place  of  the  quadrant  in  the  former 
instrument ;  but  it  is  more  extensively  useful,  be- 
cause one  quadrant  serves  to  measure  altitudes,  and 
the  other  depressions.  It  has  no  plumb-line,  but  a 
nonius    plate  at  K. 

At  right  angles  to  the  plane  of  this  semicircle,  the 
equatorial  circle  MN  is  firmly  fixed.  It  represents 
the  equator,  and  is  divided  into  twice  twelve  hours, 
every  hour  being  divided  into  twelve  parts,  of  five 
minutes  each. 

Upon  the  equatorial  circle  moves  another  circle, 
with  a  chamfered  edge,  carrying  a  nonius,  by  which 
the  divisions  on  the  equatorial  may  be  read  off  to 
single  minutes  ;  and  at  right  angles  to  this  moveable 
circle,  is  fixed  the  semicircle  of  declination  D,  di- 
vided into  two  quadrants  of  90^  each. 

The  piece  which  carries  the  sights  OP  is  fixed  to 
an  index  moveable  on  the  semicircle  of  declination, 
and  carrying  a  nonius  at  Q.  The  sight  O,  to  which 
112 
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the  eye  is  to  be  applied,  Jias  two  small  holes,  an<l  a 
dark  glass  for  covering  either  occasionally  ;  and  the 
sight  P  has  two  pieces  screwed  on,  the  lower  having 
a  small  hole  to  admit  the  solar  ray,  and  the  upper 
carries  two  cross  wires. 

Lastly,  there  are  two  spirit  levels  fixed  on  the 
horizontal  circle  at  right  angles  to  each  other. 

The  following  are  among  the  many  problems 
which  may  be  solved  with  peculiar  facility,  by  means 
of  this  useful  instrument. 


Problem    xviii.       To  adjust    the  equatorial  for 
observations. 


Set  the  instrument  on  a  firm   support.     First  to 
adjust  the  levels,   and  the   horizontal,   or  azimuth 
circle.     Turn  the  horizontal  circle,  till   the   begin- 
nincr  O  of  the  division  coincides  with  the  middle 
stroke  of  the  nonius,  or  near  it.     In  this  situation, 
one  of  the  levels  will  be  found   to  lie  either    in  a 
right  line  joining  to  the  two  foot-screws  which  are 
nearest  the  nonius,  or  else  parallel  to  such    a  right 
line.     By  means  of  the  two  last  mentioned  screws, 
cause  the  bubbles  in  the  levels  to  become  stationary 
in  the  middle  of  the  glass  ;  then  turn  the  horizontal 
circle  half  round,  by  bringing  the  other  O  to  the 
nonius  ;   and  if  the  bubble  remains  in  the  middle, 
as  before,  the  level  is  well  adjusted  ;  it  it  does  not 
conect  the  position  of  the  level,   by  turning  one  or 
both  of  the  screws  which  pass  through  its  ends  (by 
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means  of  a  turn-screw),  till  the  bubble  has  moved 
half  the  distance  it  ought  to  coiue  to  reach  the 
middle;  and  cause  it  to  move  the  other  half,  by 
turning  the  foot-screws  already  mentioned.  Return 
the  horizontal  circle  to  its  first  position,  and  if  the 
adjustments  have  been  well  made,  the  bubble  will 
remain  in  the  middle  ;  if  otherwise,  the  process  of 
altering  the  level  and  the  foot-screws,  with  the  re- 
versing, must  be  repeated  till  it  bears  this  proof  of 
its  accuracy.  Then  turn  the  horizontal  circle  till 
90°  stands  opposite  to  the  nonius  ;  and  by  the  foot- 
screw  immediately  opposite  the  other  90^  (without 
touching  the  others),  cause  the  bubble  of  the  same 
level  to  stand  in  the  middle  of  the  glass.  Lastly,  by 
its  own  proper  screws  set  the  other  level  (not  yet  at- 
tended to)  so  that  its  bubble  may  occupy  the  mid* 
die  of  its  glass, 

Secondly,  to  adjust  the  line  of  sight.  Set  the 
nonius  on  the  declination  semicircle  at  O,  the  nonius 
on  the  horary  circle  at  VJ,  and  the  nonius  on  the 
semicircle  of  altitude  at  90^.  Look  through  the 
sights  towards  some  part  of  the  horiz;on,  where  there 
is  a  diversity  of  remote  objects.  Level  the  horizon- 
tal circle,  and  then  observe  what  object  appears  on 
the  centre  of  the  cross  wires.  Reverse  the  semi? 
circle  of  altitude,  so  that  the  other  90°  may  apply 
to  the  nonius ;  taking  care,  at  the  same  time,  that 
the  other  three  noniuses  continue  at  the  same  parts 
of  their  respective  graduations  as  before.  If  the  re- 
mote object  continues  to  be  seen  on  the  centre  of 
the  cross  wires,  the  line  of  sight  is  truly  adjusted ; 
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but  if  not,  unscrew  the  two  screws  which  carry  the 
frame  of  the  cross  wires,  and  move?  the  frame  till  tlie 
intersection  appears  to  lie  on  a  new  object,  half  way 
between  the  object  first  observed,  and  that  to  which 
the  wires  are  applied  in  the  last  position.  Return 
tlie  semicircle  of  altitude  to  its  original  position  :  if 
the  intersection  of  the  wires  be  then  found  to  be  on 
the  object  to  which  they  were  last  directed,  the  line 
of  sight  is  truly  adjusted  ;  but  if  not,  the  frame  must 
be  again  altered  as  before ;  and  the  same  general 
operation  must  be  repeated,  till  the  cross  wires  in 
both  positions  apply  to  the  same  object. 

Pesides  this  adjustment  of  the  centre  of  intersec- 
tion, it  is  necessary  that  one  of  the  wires  should  be 
in  the  plane  of  the  declination  semicircle,  and  the 
other  at  right  angles  to  that  plane.  As  the  wires 
are  fixed  at  right  angles  to  each  other,  the  adjustment 
of  one  of  them  will  be  sufficient.  For  this  pur- 
pose, observe  any  small  object  on  one  of  the  wires  ; 
if  it  be  the  vertical  wire,  move  the  index  of  the  se- 
micircle of  declination  ;  or,  if  the  other,  move  the 
last  mentioned  semicircle  on  the  axis  of  the  equa- 
torial circle  In  either  case,  the  object  will  coincide 
with  the  wire  during  its  motion,  if  the  position  be 
right;  if  not,  alter  that  position,  taking  care  not  to 
Jisplace  the  centre  from  its  adjustment. 

To  adjust  the  piece  which  carries  the  hole  for 
forming  the  solar  spot,  direct  the  sights  to  the  sun, 
so  that  the  centre  of  the  luminous  circle,  formed  by 
the  aperture  which  carries  the  cross  wires,  may  fall 
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precisely  on  the  upper  sight-hole.  Then  move  tlie 
frame,  with  the  small  perforation,  till  the  solar  spot 
falls  exactly  on  the  lower  sight-hole. 

Thirdly,  to  find  the  correction  to  be  applied  to 
observations  by  the  semicircle  of  altitude.  Set  the 
nonius  on  the  declination  semicircle  to  O,  and  the 
nonius  on  the  horarv  circle  to  XII ;  direct  the  sio^hts 
to  any  fixed  and  distant  object,  by  moving  the  hori- 
zontal circle  and  Femicircle  of  altitude,  and  iiothing 
else  ;  note  the  degree  and  minute  of  altitude  or  de- 
pression ;  reverse  the  declination  semicircle,  by  di. 
recting  the  noniusonthe  horary  circle  to  the  opposite 
XII ;  direct  the  sight  again  to  the  same  object,  by 
means  of  the  horizontal  circle  and  semicircle  of 
altitude,  as  before.  If  its  altitude  or  depression  be 
the  same  as  was  observed  in  the  other  position,  no 
correction  will  be  required ;  but  if  otherwise,  half 
the  difference  of  the  two  angles  is  the  correction  to 
be  added  to  all  observations  or  rectifications  made 
with  that  quadrant,  or  half  of  the  'semicircle,  which 
shew  the  least  angle ;  or  to  be  subtracted  from  all 
observations  or  rectifications  made  with  the  other 
quadrant,  or  half. 

When  the  level  and  cross  wires  are  once  truly  set, 
they  will  preserve  their  adjustment  a  Idng  time, 
if  not  deranged  by  violence ;  and  the  correction  to 
be  applied  to  the  semicircle  of  altitude  is  a  constant 
quantity. 


SI  4 
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pROBLExM  XIX.    To  measure  angles  either  of  azimuth 
altitude^  or  depression. 

Set  the  middle  mark  of  the  nonius  on  the  decli- 
nation at  O,  and  fix  it  by  means  of  the  milled  screw 
behind.  Set  the  horary  circle  at  XII  on  the  equa- 
tor, and  the  instrument  (previously  adjusted)  is  rea- 
dy for  observation.  Then  if  the  sights  be  directed 
successively  to  any  two  objects,  the  degrees  and  mi- 
nutes contained  between  the  two  positions  of  the 
nonius,  on  the  limb  of  the  horizontal  circle,  will 
shew  the  horizontal  angle  in  the  same  manner  as  has 
been  described  at  prob.  ii.  of  the  quadrant.  And 
likewise,  if  the  sights  be  directed  to  any  object,  by 
moving  the  horizontal  circle  and  semicircle  of  alti- 
tude, the  degree  and  minute  marked  by  the  nonius 
on  the  last-mentioned  semicircle  will  be  the  angle 
of  altitude,  if  on  the  quadrant  or  part  next  the  eye ;  or 
of  depression,  if  on  the  remoter  quadrant. 

Remai-k.  It  is  proper  in  this  place  to  describe  the 
nature  and  use  of  the  admirable  contrivance  common- 
ly called  a  nonius  It  depends  on  the  simple  cir- 
cumstance, that  if  any  line  be  divided  into  equal 
parts,  the  length  of  each  part  will  be  greater,  the 
fewer  the  divisions  ;  and  contrariwise,  it  will  be 
less  in  proportion  as  those  divisions  are  more  nume- 
rous. Thus  it  may  be  observed,  that  the  distance 
between  the  two  extreme  strokes  on  the  nonius,  in 
the  equatorial  before  us,  is  exactly  equal  to  eleven 
degrees   on  the  limb,   but  that  it  is  divided  into 
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twelve  equal  parts.  Each  of  these  last  parts  will 
therefore  be  shorter  than  the  degree  in  the  propor- 
tion of  11  to  12;  that  is  to  say,  it  will  be  one- 
twelfth  part,  or  five  minutes,  shorter.  Conse- 
quently, if  the  middle  stroke  be  set  precisely  op- 
posite to  any  degree,  the  relative  position  of  the  no- 
nius and  the  limb  must  be  altered  five  minutes  of  a 
degree,  before  either  of  the  two  adjacent  strokes 
next  the  middle,  on  the  nonius,  can  be  brought  to 
coincide  with  the  nearest  stroke  of  a  degree ;  and 
so  likewise  the  second  strokes  on  the  nonius  w  ill  re- 
quire a  change  of  ten  minutes,  the  third  of  fifteen, 
and  so  forth  to  thirty,  when  the  middle  line  of  the 
nonius  will  be  seen  to  be  equidistant  between  two  of 
the  strokes  on  the  limb ;  after  which,  the  lines  oa 
the  opposite  side  of  the  nonius  will  coincide  in  suc- 
cession with  the  strokes  on  the  limb. 

It  is  clear  from  this,  that  whenever  the  middle 
stroke  of  the  nonius  does  not  stand  precisely  opposite 
to  any  degree,  the  odd  minutes,  or  distance  between 
it  and  the  degree  immediately  preceding,  may  be 
known  by  the  number  of  the  strokes  on  the  nonius 
which  coincides  with  any  of  the  strokes  on  the  limb. 
It  must  be  observed,  however,  that  as  the  degrees 
in  several  quadrants  are  reckoned  in  opposite  dire- 
tions,  so  likewise  the  nonius  has  two  sets  of  num- 
bers :  for  the  use  of  which  it  need  only  be  remem- 
bered, that  they  always  begin  from  the  middle,  and 
go  to  30  minutes,  and  thence  from  the  opposite  30 
minutes  in  the  same  direction  to  the  middle ;    and 
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that  they  must  always  be  reckoned  in  the  opposite 
direction  to  the  degrees  on  the  limb . * 


Problem  xx.  To  find  the  distance  of  an  object  on 
the  earth,  by  observations  made  at  two  stations* 

This  may  be  done  by  measuring  a  base  line  and 
the  horizontal  angles^  and  proceeding  as  directed 
at  Problem  ii.  Lut  as  the  equatorial  measures  an- 
gles of  depression  as  well  as  elevation,  the  stations 
may  not  only  be  on  the  same  level,  but  may  be  ver- 
tically the  one  above  the  other.  For  example,  if  the 
altitude  of  any  object  be  taken  from  a  lower  win- 
dow of  any  building,  and  its  depression  from  a  win- 
dow immediately  above,  and  the  distance  of  the 
two  stations  of  the  instrument  be  accurately  mea- 
sured. Then, 
As  the  sine  of  the  sum  of  the  angles  of  altitude  and 

depression,  (or  of  the  difference,  if  both  be  altitude 

or  both  depression) 
Is  to  the  sine  of  the  angle  at  the  upper  station  ; 
So  is  the  distance  between  the  stations 
To    the   distance    of  the   object   from  the    lower 

f>tation. 


*  III  till-  instrument  tlxy  must  be  read  in  tlie  opposite  direc- 
tion; Lut  when  the  nonius  plate  has  its  divisions  fewer  tha^i  the 
number  of  parts  on  the  limb  to  which  it  is  equal,  they  concide 
successively  in  Hie  same  direction  as  that  of  the  motion  of  the 
index. 
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Example  1 .  From  a  window  near  the  bottom  of  a 
house,  the  angle  of  elevation,  BCA,  plate  lb, Jig,  % 
of  an  object,  B,  was  found  to  be  40°  ;  eighteen  feet 
above  the  foi*egoing  position,  the  angle  BDE  was  ob- 
served to  be  37°  30".  Then, 
As  sine  of  the  difference  of  the  two  an- 
gles 2°  30'  ...  8.6396796 
Is  to  the  sine  angle  BDC,  equal  angle 

BDE,  plus  90    -    127-30         -       .     9.8994567 
So  is  DC  18  feet  -  -  -     1.2552725 


11.1547392 
8.6396796 

To  BC,  the  required  distance  327,38 

feet  -  -  -      2.5150596 

Example  2.  From  C,  plate  15,  Jig,  10,  a  win- 
dow near  the  bottom  of  the  house,  the  angle 
BCA  of  elevation  of  B  was  found  to  be  15°  from 
D;  18  yards  higher  the  angle  of  depression  EDB 
was  10  degrees. 

Then  J 
As  sine  of  sum  of  the  angles  25°         -      9.6259483 
To  sine  angle  BDC  80^  -        -       9.9933515 

So  is  DC  18  yards  -  -        1.2552725 

11.2486240 
9.6259483 


To CB  41.944  yards      «  -        I.6226757 
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Problem  xxt.    To  measure  heights  and  distances. 

As  the  semicircle  of  altitude  answers  every  pur- 
pose of  the  quadrant,  in  the  instrument  before 
described,  and  the  horizontal  circle  is  common  to 
both,  it  will  be  easy  for  the  intelligent  learner  to 
perform  the  Problems  iii,  iv,  vii,  viii,  and  ix_,  by  the 
equatorial,  from  the  instructions  given  under  each 
respectively. 

Problem  xxii.     To  plot  a  piece  of  land. 

The  Problems  v,  and  vi,  with  all  others  which 
are  solved  by  the  mensuration  of  horizontal  angles, 
may  likewise  be  performed  with  facility  by  the  equa- 
torial. 


Problems  xxiii,  xxiv,  xxv,  and  xxvi. 

Under  this  title  it  my  be  observed,  that  the 
Problems  xi,  xii,  xiii,  xiv,  xv,  xvi,  and  xvii,  for 
finding  the  latitude,  the  time  by  equal  altitudes, 
the  position  of  the  cardinal  points,  and  the  time 
by  the  sun's  transit  over  the  meridian,  or  by  its 
altitude  and  aziomth,  may  be  performed  with 
equal  ease  and  greater  accuracy  by  the  horizontal 
circle  and  semicircle  of  altitude  in  the  instrument 
before  us,  as  by  the  quadrant  treated  of  under  those 
problems. 
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I  shall  now  proceed  to  some  of  the  problems,   to 
which  the  equatorial  is  more  peculiarly  adapted. 


Problem  xxvii.     Tojind  the  latitude  of  the  place 
hy  the  sun,  or  any  known  Jixed  star. 


The  instrument  being  adjusted  according  to  the 
directions  already  given,  set  the  semicircle  of  al- 
tude  to  90,  and  when  the  sun  is  coming  near  the 
meridian^  elevate  the  sights  till  the  centre  of  the  sun 
is  exactly  in  the  centre  of  the  cross  wires  ;  then  fol- 
low the  sun,  by  moving  both  the  equatorial  and  de- 
clination circles,  if  necessary,  till  he  is  at  his 
greatest  altitude  \  the  nonius  of  the  declination  will 
then  give  you  his  meridian  altitude,  from  which 
subtract  his  declination,  if  it  be  north,  or  add  it,- 
if it  be  south;  the  remainder,  if  north,  and  the 
sum,  if  south,  is  the  height  of  the  equator,  that 
is,  the  complement  of  the  latitude ;  from  which 
subtract  the  error  in  altitude  occasioned  by  refrac- 
tion, and  the  remainder  subtracted  from  90°  gives 
your  latitude. 

Thus,  April  7^  observed  meridian  alti- 
tude of  the  sun's  lower  limb 
Semidiameter  of  the  sun 

Altitude  of  the  sun's  centre 
Sun's  declination  north 


44^  51'  23' 
16 

45      7   23 

6  57  37 
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Height  of  the  equator,  or  co-lati- 
tude -  -  -  38''     9'  4G 
Subtract  for  refraction         -             -  5  54 


Co-latitude  corrected  -  -        38     5  52 

Which  subtracted  from  90°  gives  the 

latitude  -  -  -  51    56     8 

The  latitude  may  be  obtained  in  the  same  manner 
by  a  fixed  star,  whose  declination  is  known. 


Problem  xxviii.  To  Jind  the  meridian  line 
and  the  time,  from  one  observation  of  the  sun,  when 
its  declination  and  the  latitude  of  the  place  are 
Jcnown* 

This  problem  requires  that  both  the  azimuth  and 
altitude  of  the  sun  should  alter  quickly  ;  and  this  is, 
generally  speaking,  the  case  more  eminently,  the 
farther  that  luminary  is  from  the  meridian.  There- 
fore, 

At  the  distance  of  three  or  four  hours,  either 
before  or  after  noon,  adjust  the  horizontal  circle  ; 
set  the  semicircle  of  altitude,  so  that  its  nonius 
may  stand  at  the  co-latitude ;  lay  the  plane  of  the 
last-mentioned  semicircle  in  the  meridian,  by  esti- 
mation, its  O  beinp;  directed  towards  the  depressed 
pole;  place  the  nonius  of  the  declination  semi- 
circle to  the  declination,  whether  north  or  south. 
Then  direct  the  line  of    sij?ht   towards    the   sun. 
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partly  by  moving  the  declination  semicircle  on 
the  axis  of  the  equatorial  circle,  and  partly  by 
moving  the  horizontal  circle  on  its  own  axis. 
There  is  but  one  position  of  those  which  will  admit 
of  the  solar  spot  falling  directly  on  the  mark  on  the 
opposite  sight.  When  this  position  is  obta  ned,  the 
nonius  on  the  equatorial,  or  horary  circle,  shews  the 
apparent  time,  and  the  circle  of  altitude  is  in  the 
plane  of  the  meridian. 


Problem  xxix.  To  Jind  the  time,  when  the 
latitude^  the  sun's  declination,  and  the  meridian,  are 
known. 

The  meridian  being  found  by  equal  altitudes  of 
the  sun,  or  a  star,  which  is  the  best  method,  and 
settled  by  a  meridian  mark,  or  by  indentation,  to 
set  the  screws  in,  place  the  equatorial  accordingly, 
and  adjust  it  by  the  levels.  Set  the  semicircle  of  al- 
titude to  the  co-latitude  of  the  place,  and  the  index 
of  the  line  of  sight  to  the  declination  of  the  sun. 
Turn  this  last  semicircle,  till  the  sights  are  accurately 
directed  to  the  sun.  The  nonius  will  shew  the  time 
on  the  horary  circle. 

This  problem  is  more  accurate  than  the  foregoing, 
and  may  be  applied  at  all  times  ,when  the  sun  is 
visible. 
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Problem  xxx.  Tojindthe  meridian  line,  ivheti 
the  time,  tke  sun's  declination,  and  the  latitude  of  the 
place,  are  known. 

Adjust  the  instniment.  Set  the  semicircle  of  al- 
titude to  the  co-latitude,  and  the  nonius  of  the  de- 
clination semicircle  to  the  declination,  and  set  the 
nonius  of  the  horary  circle  to  the  apparent  time. 
Turn  the  horizontal  circle  till  the  sights  are  directed 
to  the  sun.  The  semicircle  of  altitude  is  then  in  the 
plane  pf  the  meridian. 

This  problem  gives  the  position  of  the  meridian 
more  accurately  than  Problem  XX viii.  It  is  much 
more  ready,  where  the  time  can  be  had,  than  the 
method  of  equal  altitudes,  and  it  is  near  enough 
to  the  truth  of  small  instruments.  The  nearer 
the  observation  is  made  to  the  time  of  noon,  the 
better ;  because  the  sun  then  changes  its  azimuth  the 
quickest. 

Problem  xxxi.  To  find  the  declination  of  the  sun, 
or  any  celestial  object,  when  the  latitude  of  the  place 
and  position  of  the  meridian  are  knotvn. 

Rectify  the  instrument  for  the  co-latitude,  as 
in  the  foregoing  problem,  and  place  the  semi- 
circle of  altitude  in  the  meridian.  Then  direct 
the  sights  to  the  object,  partly  by  moving  the  de- 
clination semicircle  on  the  axis  of  the  equatorial 
circle,  and  partly  by  moving  the  nonius  of  the  semi- 
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circle  last-mentioned.     This  nonius  will  then  shew 
the  declination. 

Problem  xxxii.  To  find  the  right  ascension  of  any 
celestial  object^  when  the  time,  the  latitude,  and  the 
position  of  the  meridian,  are  known. 

Rectify  the  instrument  for  the  co-latitude,  and 
place  the  semicircle  of  altitude  in  the  meridian. 
Move  the  declination  and  equatorial  circles  till  the 
cross  hairs  nearly  concide  with  the  object,  then  place 
the  sight  a  little  to  the  westward  thereof,  and  observe 
by  your  clock  the  time  when  the  object  passes  the 
vertical  wire. 

By  the  clock  you  have  obtained  the  sun's  time,  by 
the  nonius  of  the  equatorial  you  have  the  hour  of  the 
object. 

Take  the  difference  between  the  sun's  time  and 
the  star  s  time ;  and  if  the  time  of  the  star  be  less 
than  that  of  the  sun,  add  that  difference  to  the  sun's 
right  ascension  at  the  time  of  observation ;  from  the 
Nautical  Almanack,  the  sum  (rejecting  24  hours,  if 
it  exceeds  that  number)  is  the  right  ascension  of  the 
object. 

But  if  the  star  s  time  exceeds  that  of  the  sun,  the 
difference  must  be  taken  from  the  sun's  right  ascen- 
sion ;   the  remainder  (adding  24  hours  to  the   sun's 
right  ascension,  if  necessary)  is  the  right  ascension  of. 
the  star. 


K  K 
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Jannayy  1,   l??^. 
Observed  time  of  the  star  by  -the 

equatorial  -  -  2^^   18^  3'  P,  M. 

Sun's  time  by  the  clock         -         9     44     40  P.  M. 

Difference  between  two         -         7     26     3/ 
Sun's  right  ascension         -  20     Sf     9 

(which    is    to     be    added     to 

th^    foregoing    difference,    as  

the  star's  time  is  less  than  the 

sun's)  -  -  -  28      23      46 

From  which  rejecting  twenty 

four  hours,  you  obtain  the 

star's  right  ascension  -         4     23     46 

August  31,  1778. 
Observed  a  star,  the  time  by  the 

equatorial  was  10^^  A.  M.  i.  e. 

astronomically         -  22     00     00 

Sun's  time  by  the  clock  5''  SS-"  4^ 

which  astronomically  is       -     17     55     4 

Difference  between  the  two  to      4       4     56 

As  the  star's  time  exceeds  that  of 
the  sun,  this  difference  is  to  be 
subtracted  from  the  sun's  right 
ascension.         -         -         -1038     58 

The  remainder  is  the  right  as- 
cension of  the  star         -  6     34       2 

Problem  xxxiii.     To  direct  the  line  of  sight    to 
any  star  or  planet. 

Adjust  the  instrument ;  that  is,  place  it  so  that  the 
circles  of  altitude  and  decUnation  may  be  in  the  plane 
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of  the  meridian  ;  set  the  semicircle  of  altitude  to  the 
co-latitude,  and  the  circle  of  declination  of  the  given 
body. 

Take  the  difference  between  the  right  ascension  of 
the  sun  and  given  body,  and  if  the  right  ascension  of 
the  body  be  greater  than  that  of  the  sun,  subtract 
the  difference  ;  if  not,  add  to  the  time  of  observation* 
The  remainder  in  one  case,  or  the  sum  in  the  other 
will  be  the  hour  and  minute  to  which  the  nonius  on 
the  horary  circle  is  to  be  set ;  which  being  done,  the 
sight  will  point  to  the  star  or  planet  sought. 

If  the  time  be  too  small  to  admit  of  having  the  dif- 
ference taken  from  it,  borrow  24  hours,  and  reckon 
the  remainder  from  XII  at  noon. 

Problem  xxxiv.  Tojind  the  longitude,* 
Adjust  the  instrument  to  the  co-latitude  and  me- 
ridian, And  take  the  time  of  the  transit  of  the  moon's 
limb,  and  also  of  a  proper  star,  as  near  as  possible  to 
the  moon  s  parallel,  and  the  longitude  may  be  deter- 
mined by  the  following  rule. 

Rule,  Find  from  the  Nautical  Ephemeris,  the  in- 
crease of  the  moon's  right  ascension  in  12  hours; 
observe,  as  before  directed,  the  interval  of  time  be- 
tween the  passage  of  a  given  fixed  star,  and  of 
the  moon's  enlightened  limb,  over  the  meridian  at 
each  place,  and  the  difference  of  these  intervals 
will  shew  the  increase  of  the  moon's  right  ascen- 
sion in  the  time  of  the    star's  passage  from  one 

*  finfe^s  Practical  Astronomy,  p,  SO  and  169, 
K  K  2 
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meridian  to  the  other.  But  as  the  increase  of 
the  moon's  R.  A.  in  12  hours  is  to  ISO'',  so  is  the 
above  difference  of  intervals,  to  the  diff*erence  of 
lonsritude. 

Example,  on  Nov,  30,  1792. 
13^^  12'  57.62''  meridian  transit  of  the^ 


moon's  2d  Hmb  ^f  Greenwich, 

13      13     29.O8  meridian  transit  of  a  TTj^ 


(by   the  clock. 


31.46  diffl'rence  of  R.  A.  at  Greenwich. 


moon's  2d  limb  K  ^\  "\' , 

I  by    the  clock. 


13       14      8.05  meridian  transit   of  the 

moon's  2d  limb 
13      14      30.13  meridian  transit  of  a  TTJJ 


frr         r»    ■»•»        A         .     -xr      1   \.  ^^^^  clocks  being 

22.08  diff.  of  K.  A.  at  York \  supposed  to  be  go- 

^      1-i.         .    f-^  •    1  A  ^"g  nearly  sidereal 

3 1 ,4o   ditto  at  ureenw^ich.        >  ume,  no  correction 

is  necessary. 


9.38  increase  of  moon's  right  ascension 
between  Cireenwich  and  York  by  observation,  which 
reduced  into  de«:rees  irives  141  '\  Now  the  increase 
of  the  moon's  right  ascension  in  twelve  hours  was 
23340'^;  hence  as  23340"  to  180°,  so  is  141  '  to  l''  5' 
1 4'',  the  difference  of  longitude  between  Greenwich 
and  York. 

Those  stars  that  are  nearest  in  right  ascension 
and  declination  to  the  moon^  are  best  suited  for  this 
purpose. 


[    ^^7    ] 


Tahht  of  the  Elliptic  Motions  of  the  Planets,  ai given  hij  La  Place  in  his  .S'y»/e«c 
(lu  HlondOf  Tiotsieme  Edilio  ;^  IbOB. 

__ '    '   ^ 

Mean  Lonnitude  of,  the  Peri/telion,  at 

the  same  Epochs  1801, 
Mercury 74<*  21 


Durafiotis  of  Jtheif    Sidereal    Revolu- 

tion. 

Years  Dnvs  Hour* 

Mercury..  0     87     2li 

M. 

Ij 

See?. 

A-y'  894 

Venus  ..   0  224 

16 

49 

11     192 

Earth....  1       0 

G 

9 

11     527 

Mars  ....1  321 

23 

SO 

39     047 

Jupiter    11  G17 

14 

18 

40     976 

Saturn..  29  173 

23 

16 

34     176 

^IPyg-  ?84     28 
Sidus  ^ 

17 

6 

16     174 

Semi  Major  Axes  nf  their  Orhitx,  or 

their  Mean  Dista7ices. 

Mercury  0  3870981 

Venus 0-7233323 

Earth   10000000 

KTars 1  5236935 

Jupiter S-2027911 

Saturn 9-5387705 

Georgiura  Sidus 19- 1833050 

Proportion  of  the  Eccentricity   of  the 

Semi  Major  Axes. 

Sccu'ir  Variation. 

Mercury  .0-20551494+O0j00O3867 
Venus  ...0-00685298—0  000062711 

Earth 0-01685318— 0-0000416  2 

Mars 0-09313400  +  0  000090176 

Jupiter  .  .0-04817840+0-000159350 
Saturn  .  ..005616830—0000312402 

^S?dusJ  0  04667030—0-000025072 
Their  mean  Longitudes  from  the  Vernal 
Hquinoxy  at  the  Midnight ^  which 
separates  the  S\st  December^  1800, 
and  the  1st  January ^  1801,  mean 
time  at  Paris. 

Mercury... 163°  56'   26"  06 

Venus  ., 10     44     35     97 

Earth    100      9     12     $9 

Mars 64       7      2     29 

Jupiter 112     12     ii^     10 

Saturn , 135    20    31     52 

Qeorgium  Sidus,.  177     47     17    50 


46 
0 
5 
23 
35 
57 
41 


Venus 128     37 

Earth 99    30 

Mars 352    24 

Jupiter n       8 

Saturn    89       8 

Georgium  Sidus....  167     21 

The  Secular  Sidereul  molion    of    the 

Perihelion. 

Mt-rcury +0°  9'    43"  5 

Venus     — 0     4     27     8 

Earth +0  19    39    8 

Mars   +0  26    22     4 

Jupiter  +0  11       3     8 

Saturn +0  32     17     0 

Georgium  Sidus., ..      0    3     59     S 
Inclination    of    their  Orbits    to     the 

Ecliptic. 

_,  Secular  Variation. 

Mercury 70  0'    9''..  +  18"2 


..—  4     5 
....   0    0 

. —  0  15 


Venus 3  23  33 

Earth 0     0    0 

Mars 151     3 

Jupiter 1   18  51    ..—22  6X 

Saturn 2  29  38   ..—15  51 

Georgium  Sidus  0  46  26   ..+  3  13 

Mean  Longitude  of   their    ascending 

Nodes  on   the  Ecliptic^  same  Epoch. 


Mercnry  45° 

57' 

31' 

Sccula 
—00 

Variation, 

13'   2" 

Venus..  74 

52 

39 

— 0 

31      10 

Earth     ..  0 

0 

0 

..0 

0       0 

Mars  ....48 

1 

28 

— 0 

38     48 

Jupiter..  98 

25 

34 

— 0 

26     17 

Saturn..  Ill 

55 

46 

— 0 

37     46 

Geotg 
Stdu 


•4' 


2     51     14  —0     59     58 

N.  B.   All  these  are  for  the  Epock 

of  midnight,  which  separates  the  31st 

December  1800,  and  the  1st  January 

1801,  mean  time  at  Paris, 


[     518     J 
Tahle  of  the  Four  New  Planets,  from  the  Same, 


Ceres 
Pallas 
Juno 
Vesta 


Sidereal  Revolution  1801. 

Vears  Days  Hr,  M.  Sec. 

4  221  12  56     9 

, 4  221  17     0  57 

4  150  23  67     7 

3  240  4     55  12 


Mean   Dhfances, 

Earth  being  unity.  Eccentricity. 

Ceres 2-7674060 0  0783486 

Pallas....     2-767592 0-245384 

Juno 2-667163 0254944 

Vesta 2-373000 0-093220 

Mean  Longitude  from  the  Vernal  Equi- 
nox, Epoch  1801. 

Ceres 264°  45'    5" 

Pallas 252     37     2 

Juno 290     30  52 

Vesta 267     25     1 

Mean  Longitude  of  Periheliony   same 
Epoch.   , 

Ceres 146°  39'  39" 

Pallas 121     14       1 

Juno 53     IB     41 

Vesta.. 2:vl    43      0 

Inclination  of  their  orbits  to  Ecliptic. 

Ceres   10°  37'   34" 

Pallas    34     37     8 

Juno 13     3     28 

Vesta  7     8     46 

Longitudes  of  ascending  NpdeSy  same 
Epoch. 

Cfres 80O 

Pallas 172 

Juno 171 

Vesu 103 

N  B.  all  these  are  for  the  same 
Epoch,  say  31st  Dec.  1800,  at  mid- 
night, mean  time  at  Paris. 


55'    3' 

33  48 

6  38 

1     0 


The  Elements  of  the  four  newly 
discovered  Planets,  cannot  yet  be  given 
with  any  great  certainty,  as  they  have 
not  been  observed  a  sufficient  time, 
and  the  great  perturbations  they  meet 
with  are  still  unknown.  The  Ele- 
ments as  here  annexed,  will  for  the 
present  time  meet  the  observations, 
but  they  must  only  be  considered  as  a 
preliminary  sketch  of  their  real  iheo- 


Ancient  observation  on  the  obliquity  of 
j      the  Ecliptic. 


Tcheon-kongl  lOOyrs 
before  our  aera 


fK} 


23°  54'     2" 


Pytheas    350   years    > 


before  our  sra. 
Ebn  Jun^    in  the  > 
year  1000  J 

Cocheou-kong     1280    23 
Ulu-beigh  1437    23 

Modern  1801     23 

Decreasing  annually 
=  0"521. 


23     49      20 


23      36    36 


33 

30 

31 

48 

27 

57 

Ceres  discovered  by  Piazzi,  January 

1,  1801. 
Pallas    do,    by    Olbers,    March  28, 

1802. 
Juno  do.  by  Harding,  September  1, 

1803. 
Vesta  do.    by  Olbers,    March    29, 

1807. 

ji  List  of  the  Prices, 


A 

LIST  OF  THE  PRICES 

At  ivhich  the  Instruments  described  in  this  fFbrJc, 

ARE  MADE  AND  SOLD   BY 

^.  AND  S.  JONES, 

3b,  HOLRORN,  LONDON, 

Plate  XL  and  XII. 

The  complete.  Planetarium t  Tellurian,  znA  Lunarium,  all 
in  brass;  the  box,  ABC,  plate  W,  Jig,  1,  mounted 
on  a  pedestal  with  claw  feet,  and  the  instrument  with 
all  its  ajjpendages  packed    in  a  portable    mahogany 

case 37     16    0 

N.B,  This  instrument,  by  being  divided  into  three  parts,  admits 
the  various  phenomena  to  be  exhibited  in  a  complete  and  perspi- 
cuous manner. 

Portable  Transit,  p/a/e  12,  ;?§•.  3  20      0    0 

Plate  XIV. 

Pig.  1 .  Tlie  simple  Astronomical  Quadrant  or  Angular 
Instrument,  all  in  brass,  of  about  4^  inches  radius,  in 
acase 1     18  Q 

Ditto,  with  rack-work  motions,  telescopic  sight,  reflect- 
ing eye-piece  to  observe  to  the  zenith,  horizoHtal  spirit 
levels,  <src.  packed  in  a  pocket  mahogany  case 4     4  0 

For  the  representations  and  descriptions  of  portable,  more  simple,  and 
less  expensive  Orreries,  see  the  pamphlet  entitled,  The 

Description  and  U'ie  of  a  New  Portable  Orrery,  by  W.  Jones ;    Thr 
Sixth  Edition,  1812,  price  3s.  and  sold  as  above. 

Fig.  2,  The  Portable  Equatorial  or  Universal  Sun-dial, 
all  in  brass,  the  radius  of  the  circles  about  3|  inches  in 
diameter,  in  a  case 8     8  0 

An  improved  accurate  Equatorial 47     5  0 

Plate  XV. 

The  Globes,  as  represented  in  the  plate,  are,  according  to 
the  mode  of  mounting  by  G.  Adams,  the  father  of 
our  late  author,  and  according  to  the  dimensions  of  12 
or  18  inches,  and  the  quality  of  the  frames,  the  pair, 
from5/.5j.  to 15     15  0 

For  an  account  of  the  New  British  Globes,  see  the  Adver- 
tisements prefixed  to  the  Table  of  Contents  of  this  Work. 


Other  IVorks,  hi/  the  late  Author, 

AN  INTRODUCTION  TO  PRACTICAL  ASTRONOMY, 
or  the  Use  of  the  Quadrant  and  Equatorial ;  selected  fi  cm  the 
Astronomical,  &c.  Essays,  with  '2  Plates,  Price  3s. 

ESSAYS  ON  THE  MICROSCOPE,  containing  a  particular 
Description  of  the  most  iinj)roved  Microscopes;  a  general  History 
of  luseots ;  a  Description  of  379  Animulcuia ;  a  View  of  the 
Organization  of  Timber,  and  the  Configurations  of  Salts  when  un- 
der the  Microscope,  ^c.  &c.  Second  Edi/wn,  by  Fiiedekic  Kan- 
MACHER,  in  4to,  and  illustrated  by  33  Plates.  Price  1/.  16*.  in 
boards.      Reprinting  by  W.  &  S.  Jones. 

AN  ESSAY  ON  ELECTRICITY,  explaining  clearly  and  fully 
the  Principles  of  that  curious  and  useful  Science,  8yo.  in  Boards. 

AN  ESSAY  ON  VISION,  Third  Edition,  \vo.  in  Boards. 

GEOMETRICAL  AND  GRAPHICAL 

ESSJYS. 

Containing  a  general  Descriptioji  of  the  best  and  most  approved 
Mathematical  Instruments,  in  Geometry,  Civil  and  Military- 
Surveying,  Levelling,  Perspective,  Gunnery,  Sec.  with  jnany  new 
practical  Problems,  illustrated  by  34  Copper-plates.  I^y  the  late 
George  Adams,  with  Corrections  and  Jmprovenionts.  J»y  Wil« 
J.IAM  Jones,  F.  Am.  P.  S.  Fourth  Edition,  8vo. 

LECTURES 

IN 

NATURAL  AND  EXPERIMENTAL 

FHIJLOSOPHY. 

Ill  5  vols.  Svo.  the  fifth  Volume  consisting  of  the  Plates  and 
Index,  revised  and  corrected  by  the  above  Editor.    Reprinting. 
— -««^©«,^ 
1812. 


Glendinning,  Printer,  25,  Hatton  Garden,  Londi 
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A 

CATALOGUE 

OF 

Optical,  Mathematical,  and  Philosophical 

instruments, 

MAIJE   AND   SOLD   BY 

W.  AND  S.   JONES, 

[Ko.  30,] 
LOWER    HOLI^OBN,    LONDON. 


OPTICAL  LNSTIUJiMKX'rS.  £  s.  d, 

XjEST  doub1e-]f tinted  standard  gold  spectacles,  with  peb- 
bles, and   firiivskin  gold-mounted  case. 10  l6  0 

Good  jewellers'  gold  ditto,  without  case,  from  51.  5s.  to  ..  7     7  0 

Standard,  single-jointed,  with  gold-mounted  case 10  JO  O 

Goodjeweller'sgoldditto,  without  case,  from  3/.  135.  Gi.  to  5     5  0 

J'est  double-jointed  silver  ditto,  with  pebbles  .  .    1    1()  O 

Ditto,  ditto,  with  glasses 1      1  O 

Ditto,  frames  slver  gilt '. Ill  6 

Best  single-jointed,  with  pebbles 1     8  Q 

Ditto,  with  glasses 0  15  O 

Best  double-jointed  steel  ditto,    with  glasses O     p  O 

Common  ditto 0     5  6 

Best  single-jointed  steel  spectacles,  with  fish-skin  case  . .  0    5  6 

Second  best  ditto O     3  O 

Tortoiseshell   spectacles,    silver-jointed,  with  pointed  and 
other  shaped  sides,  peculiar  for  their  lightness  and  unin- 

terruption  of  dressed  hair,  in  morocco  leather  cases. ...  010  6 

Ditto,   double-jointed  frames 0  15  O 

Spectacles  for  eyes  that  have  been  couched O     7  ^ 

Ditto,  with  green  glasses  for  very  weak  and  inflamed  eyes, 

according  to  the  frames,  from  6s.  to 1      1  0 

Ditto,  for  the  saine  purpose,  with  new  contrived  portable 

shades  to  screen  the  eyes  from  candle,  or  other  light 0  15  O 

Spectacle  cases  in  great  variety,  from  3d.  each  to O  l6  O 

Concave  glasses  for  short-siguted  persons,  in  horn  cases. .  0     2  0 

Ditto,  in  tortoiseshell,  pearl,  silver,  &c.  from  3s.  to 2     2  0 

Ditto  in  new  contrived  frames  for  shooting  caps O  l6  O 

Single  concave  or  convex  eye-glasses,  mounted  in  silver 

ring  frames 0     6  0 

Ditto,  in  gold  frames ^ 1     6  O 

A  new  contrived  folding-joint  do.  to  answer  as  a  single, 

or  spectacle-like  hand-frame,  in  silver 14  0 

Ditto,  in  gold,  from  3/.  3^.  to 5     5  O 

Reading  and  burninggiasses  in  various  mountings,  from  3j.to  1   l(i  O 
Convex  glasses  for  watch-makers,  engravers,  &:c.    from 

Is.  6d.  to 0  10  C) 

Pfintcd  by  W.  Glendinning,  ^25i  Halton  Ganleii,  London.  1814. 


[2] 

Gogglers,  to  guard  the  eyes  from  the  dust  or  wind 0     4     O 

New  green  light  shades  for  the,  eyes O     0     (i 

Opera  glasses  in  great  variety  of  mountings,  from  6^.  Qd.  to  2  12  O 
Ditto  on  an  improved  construct  ion  of  glasses,plain  mounting  I  5  O 
Refracting  T£Li,scori;s  of  various  lengths,   IOj.  6^.  to     1    IS     O 

Two  feet  day  and  night  best  achromatic   telescopes 3    13     () 

Do.  large  aperture  best  night  Telescopes 2   l6     O 

Achromatic  stick  telescopes,  of  various  lengths,  from  l/.l  J.  to     5     5     0 
The  new  impi'oved  one-foot  ditto,  with  three  sliding  brass 
tubes,  by  which  an  instantaneous  view  of  the  object  is  ob- 
tained, and  shuts  up  to  a  short  length  for  the  pocket   . .      115     0 

Second  best  two  drawers  ditto / 1     4     O 

Twenty  inch   best  three-drawers  ditto 2   12     Q 

Two  feet  best  three-drawers  ditto 3    13     () 

Three  feet  best  four-drawers  ditto 5    15     (J 

Four  feet  five-drawer  best  ditto 8     8     O 

The  preceding  telescopes  fitted  up  elegantly  with  silver  or 

plated  tubes,   from  2/.  2j.  to 21     0     O 

Astronomical  eye-pieces,  and  portable  brass  stands  for  the 

above,  from  lOy.  i)d.  to 2   12     0 

The  new  improved  l\  feet  achromatic  refractor,   on  a  brass 

stand,  mahogany  tube,  with  three  sets  of  eye-pieces,  two 

magnifying  about  forty  and  fifty  times  for  terrestrial  ob- 

!    jects,  and  the  other  about  seventy-five  times  for  astrono- 

•    mical  purposes,   packed   In  a   mahogany  case 10  10     0 

Ditto,  ditto,  the  tube  all  brass,  with  three  eye-pieces 11    11     0 

Ditto,  with  vertical  and  horizontal  rack  motions If)  lO     0 

The  3-^  feet  ditto,  ditto,  mahogany  tube 18  18     O 

Ditto,  ditto,  brass  tube 21     0     0 

Ditto  all  in  brass,  with  rack-work  motions,  &c 26     5     O 

Ditto,  the   object  glass  of  the   largest  aperture,  and  the 

rack -work  motions  on  an  improved  principle 37   iG     0 

Ditto,  fitted  up  with  equatorial  motion,  framed  mahogany 
stand,  divided  altitude  and  azimuth  arches,  or  declina- 
tion and  right  ascension  circles,  &:c.  &c.  from  (5o/.  to.  .    100     0     0 
Achromatic  perspective  glasses  for  the  pocket,  in  brass,  &c. 

lubes,  with  a  change  of  eye-glasses,  from  12x.  to 3     3     0 

New  improved  ditto,  answering  the  purpose  of  an  opera 
glass,  with   a  compass  and  helioscope  for  viewing  the 

sun,  from  l/.  35.  to 2     2     O 

New  improved  achromatic  pocket  telescope,  which,  by  a 
small  apparatus  within  its  tubes,  is  readily  converted  into 

a  small  compound  microscope 3   13     (5 

An  improved  portable  7-inch  achromatic  telescope  in  brass, 
with  a  stand  that  packs  up  into  the  tube  of  the  telescope, 

with  a  power  for  astronomical  uses 4     4     0 

Keflecting  Telescopes,  fitted  up  either  upon  the  Grego- 
rian,  Newtonian,  or  Herschelian  principles,  \yith  improved 
wood  or  metal  stands,  and  other  apparatus,  for  making 
celestial  observations  in  the  most  commodious  and  accu- 
rate manner. — The  general  prices  are  as  follow  : 
Fifteen  feet  in  length,  the  large  metal  fifteen  inches  in 
diameter,  from  250/.  to 500    0    0 


5. 

d 

0 

0 

0 

0 

0 

0 

0 

0 

L3.J 

— Twelve  feet  in  length,    fourteen  inch  metal 2W> 

— Ten  feet  in  length,  twelve  inch  metal 1 50 

— Eight  feet  in  length,  ten   inch  metal . .    140 

— Six  feet  in  length,  seven  inch  metal 100 

—Four  feet  in  length,  in  brass  tubes,  u'ith  portable  brass  or 

mahogany  framed  stands,  from  40/.  to 100    O    0 

The  large  reflectors  upon  ibe  usual  Gregorian  comintcium  are  made  •■vSitb  the 
^vertical mol'wn  upon  a  netv principle ^  so  an  io  render  them   more  Jirm   and 
steady  ivb'ile  iji  use,  than  any  reflectors  mounted  in  the  common  manner. 
A  four  feet    /-inch    aperture    Gregorian     reflector,    with 
the   vertical    motion  upon  a  new-invented  principle,    as 
well  as  ap]>aratus  to  render  the  tube  more  steady  in   ob- 
servation;   according  to  the  additional  apparatus  of  small 
speculums,  eye-pieces,  micrometers,  8cc.  from  80/.  to.  .  .  .  1(K)     O     O 
Three  feet  long,  mounted  on  a  brass  stand,  common  mount- 
ing     23 

Do.  with  rack -work  motions,  improved  mounting,  and  metals  39 
Two  feet  long,   without  rack-\york,  and  with  four  magnify- 
ing powers,  improved 15 

Ditto  improved,   with  rack-work  motions 22 

Eighteen-inch  on  a  plain  stand 9 

Twelve  inch  ditto 6 

Telescopesjboth  retracting  and  reflecting,  fitted  up  with  equa- 
torial, &c.  motions,  micrometers,  adjusting,  compensating, 
&c.  apparatus,  for  the  most  accurate  astronomical  purposes 

Common  Microscopes,  from  5i-.  to \ 

Wilson's  single  pocket  microscopes,  from  J/.  4^.  to 3 

Compound  microscopes  common  construction  from  3/. 3s.  to    5 

New  improved  universal  ditto 7 

Ditto  with  the  most  complete  apparatus,  from  11/.  O^.  ^.  to  12 

Solar  microscopes  in  brass,  improved,  from  5/.  5j.  to 6 

The  new  opake  and  transj^arent  solar  ^  single  microscopes, 

with  improved  apparatus, VI  \1     O 

Ditto  of  a  larger  size,  with  additional  megalascopic  appa- 
ratus, from  14/.  145.  to 10  19     0 

Ditto,  and  best  compound  ditto,  packed  together  in  one  ma- 
hogany box 22     1     O 

The  LucERNAL  Microscope,  as  improved  hy  W.  Jones ^ 
exhibiting  images  of  opake  and  transparent  objects,  by 
night  or  day,  in  a  manner  singularly  pleasing,  brilliant, 
and  distinct,  with  upwards  of  1 00  objects,  proper  appa- 
ratus, Argand  s  lamp,  &c 18  18     O 

Ditto  combined  with  a  solar,  compound,  &c.  apparatus, 
forming  the  most  perfect  collection  of  microscopical  ap- 
paratus      .'^9  18     0 

A  portable  optical  apparatus,  consisting  of  a  scioptic  ball 
and  socket,  a  solar  microscope,  Wilson's  microscope,  a 
pocket  compound  microscope,  a  pocket  telescope,  and  solar 

telescope,  in  mahogany  and  brass,  with  directions 4 

Pocket  microscopes  for  opake  objects,  from  ]05.  to 2 

Botanic  microscopes  for  flowers,  8rc.   from  95.  to 1 

A  new  universal  pocket  ditto,  adapted  to  all  sorts  of  objects     1 

Ditto  with  adjusting  screw,  silvered  speculum,  &c 2 

Cloth  microscopes,  from  4^.  OW.  to i O 
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0 

18 

0 

15 

0 

1 

0 
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0 
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1 

0 
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0 
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6 

7 
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6 

11 

(5 

8 

0 

10 

0 
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ii 
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c-  t.  ^. 

Tor  df/criptrons  of  nil  the.   ttf^Jl  improved  Murofeopes^  fet  tht   late  MrlG.  Adams' 
Essays  on  the  Micioicopc,    corrected  and  imprmied  by  F.  KanMaCmer,  f.l.s.    •' 

•tvith  33  folio  plated.     Price  1/.  I6.f.   boards . 

Magic  lanthorns,  with  various  mechanical  figures,  for  phan- 
tasmagoria, &c.  from  1/,  45.  to Q     Q     O 

]3o.  with  new  set  of  moveable  painted  sliders,  shewing  ihe 
fundamental  principles  of  astronomy,  with  the  real  and 
apparent  motions  and  positions  of  the  planets,  stars,  &:c. 
accompanied  by  a  proper  improved  lanthorn,  complete  . .    \5  15     O 

Single  sliders  for  magic  lanthorns,  each O     5     0 

Small  magic  lanthorns,  with  twelve  sliders  of  best  English 

paintings 2   10     O 

Optical  diagonal  machines  for  viewing  prints,  from  l/.  5s.  to     2     2     0 

Perspective  views  in  great  variety  for  ditto,  each o     1     9 

Scioptic  balls  and  sockets,  for  camera-obscuras,  from  15j.  to     ill     (5 
An  artificial  eye  in  brass,  to  exemplify  the  nature  of  vision     1   15     O 

For  a  description  of  the  principle  of  thii  instrument,   as  ivell  as  of  spectacles,  reading 
glasses,  ^c.  see  G.  Adams's  Essay  on  Vision,  8 1;&, /me  as.  3rd  edition  i//\V.  Jones. 

Camera-obscura  for  the  pocket,  from    I2s.    to    '    3     3     0 

Anew-invented  folding  ditto,in  portable  morocco  leather  case     2  10     0 
Large  do,  shutting  up  as  a  portable  chest,  the  objects  repre- 
sented on  paper,  with  print  apparatus  from  5Ll5s.6d.  to     6  1(5     6 
Concave    and  convex  glass  mirrors,  truly  ground,  in  plain 
black  frames,  four,   five,    six,  and  seven  inches  diameter, 

each  10.-.  6i.  14^.  i6j.  and 10    0 

Eight   inches   diameter   ditto 1     2    .0 

Nine  inches  ditto 1   lo    O 

Ten  inches  ditto 1    1(5     O 

Twelve  inches  ditto 2     5     0 

Fifteen  inches  ditto 4     0     O 

Eighteen  inches  ditto 6  l6     6 

Twenty  one  inches  ditto Q    g    o 

Twenty- four  inches  ditto 12  12     O 

Twenty-eight  inches  do 21     O     O 

Thirty'  inches  do 31    10     0 

Concave  mirrors  ground   cylindrically,    possessing    several 

curious  properties  in  the  deformation  of  objects  ;  I/.  5j.  to     3     3     0 
Concave  metal  burning  mirrors,  from  3/.  I3s.  6d.  to  .....  21     O     O 
Glass  prisms,  plain  or  mounted  on  stands,  from  lOs.  6J.  to     111     (j 
A  ourious  set  of  optical  models,  where  the  rays  of  light  are 
represented  by  variously  coloured  silken  strings,   and  il- 
lustrating the  principles  of  vision,  telescopes,  prisms,  &c. 

parked  in  case 7     7     0 

Oi'TiCAL  Recreations. — An  optical  paradox  containing 
two  perspectives,  between  which  a  board  may  be  placed 

and  the  object  will  yet  be  seen  through  them o  10     6 

An  optical  deception  containing  from  six  to  twelve  different 
paintings,  which  are  looked  down  upon  through  a  per- 
spective and  immediately  there  appears  another  very 
different  object  without  any  alteration  of  the  instru- 
ment whatever  or  concern  of  the  person  using  it,  from 

1/.  lU.  6J.  to 3     3     0 

A  diagonal  opera  glass,  that  shews  persons  on  one  side 
when  the  glass  is  presented  to  an  object  directly  before 
you,  from  6j.  to , G  15     0 
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i     s.  d. 

Multiplying  glasses,  making  one  object  appear  many,  from  ' 

3^.  to 0  10     6 

A  set  of  anamorphoses,  or  deformed  pictures,  rectified  by  a 

j)ol/shed  cylinder 2J2     6 


MATHEMATICAL  INSTOUME.VTS. 

Theodolites  of  the  common  construction,  and  of  the  best 

workmanship,  from   4l.  4s.   to 10  10  0 

A  portable  theodolite,with  a  telescope,  level ,  and  vertical  arch     8     8  0 

Ditto  larger,  with  parallel  plates,  ^c.  divided  to  threeminutes  12  12  O 

Ditto  with  rack-work  motions,  divisions  to  a  minute 22     1  O 

A  new-improved  seven-inch  theodolite,  with  two  achromatic 

telescopes,  and  contrivances  for  very  accurate  adjustment  33  1 2  O 

A  Nine  inch  ditto 42     0  0 

A  4-inch  improved  ditto,    by  which  the  vertical  and   hori- 
zontal angles  are  shewn  at  the  same  time,  with  rack -work 

motions,  and  portable  parallel  plate  staves,  <!tc 1111  0 

A  Twelve  inch  repeatin^j  circle,  French  construction 60     0  0 

An  Eighteen  inch  ditto ditto 90     O  O 

Circumferentors  much  used  in  woody  countries,  from  2/.  2f.  to     4     4  0 
An  improved  ditto,  contrived  to  answer  the  purposes  of   a 

common  theodolite,  level,  altitude  instrument,   &c.  .  .  .      5  \5  6 

Ditto,  with  rack-work  motions 6  l6  Q 

Surveying  crosses  or  squares,  on  a  staff,  from  lOx.  6d.   to  . .     Ill  6 

A  brass  cylindrical  ditto,  with  a  staff 018  O 

Ditto  with  compass,  agate   capped    needle,   &c Ill  Q 

AV.  Jones's  Improved  ditto,  with  rack-work  and  pinion,  and 
moveable  divided  limb,  making  a  veiy  portable  cross-staff, 

compass  and  theodolite,  in  one  small  instrument 2  18  O 

Common  six-inch  spirit  levels,  in  brass  from  p;.  to Ill  6 

Spirit  levels,  with   twelve- inch  telescope  and  parallel  plate 

staves 5  15  6 

Ditto,  vjxih.  achromatic  telescope  and  best  adjustments 6  l6  6 

Ditto,  with  eightecn-inch  telescope  and  circumferentor ....      9     9  ^ 

Two-feet  ditto 9  ^9  ^ 

Strong  ditto,  most  accurate  and  durable  kind 13   13  O 

A  pair  of  Station  six-feet  staves,  with  sliding  vanes,  for  le- 
velling       2  IS  0 

Plane  tables,  with  index,  sights,  &c.  complete,  from  4l.4s.  to     6     0  0 
Pantagraphs,  by  which  any  person  unskilled  in  drawing  may 
copy  plans,  surveys,  profiles,  drawings,  Src.   in  any  pro- 
portion to  the  original,  one  to  threefeet  in  length, 1/.18j._  to     6  l6  6 
Perambulators  or  measuring  wheels,  upon  an  improved  prin- 
ciple, from  7/.  lys.  Od.  to •_ 10  10  0 

A  new  pocket  map-meter,  that  correctly  and  expeditiously 
measures   routs,   boundariet^,  cross-roads,    &c»  of  maps 

and  plans,  from   ll.  10s.  to 2  12  6 

Gunter's  four-pole  stout  measuring  chain, O  12  O 

two-feet  navigation  scale,  from  3j-.    to 0     4  0 

«- ditto  improved  by  Dgnn,  with   direction* 0     6  0 

two-feet  sliding  navigation  scales 0     7  ^ 

three-feet  ditto  improved  by  Piobertson,   v.'ith    brass 

adjaStingscrews,&:c.  being  the  completQst  scale  vf  the  kind     1   15  0 


[^ 

£.  i.  d. 
Gnnters  sectors  of  various  Icn^hs,  wcKjd  or  brass  from  25.  to  5  5  0 
A  new  p(X'ket  10-inch  box  sliding  nile  for  solving  all  sorts  of 

problems  in  trigonometry,  mensunitlon,  &c O     4     f) 

Measuring  tapes,  1,  2,  3,  and  4  poles,  ids.  ys.  Gti.  Qs.  6d.  to  O  12  O 
Pedometers  for  ascertaining  distances,  toa})plyto  carriages  10  0  0 
Miner's  compasses  in  wood  or  brass  for  working  in  sublcrra- 

,neous  grounds,  from  l/.  l6s.  to o     5     O 

Cases  of  drawing  instmmcnts,   from  5s.  0"</.  to 5     5     O 

3Magaz,inc,   or  complete  collection  of  eveiy  kind  of  useful 

drawing  instruments,  from  5/.  5;,  to* 35     0     O 

A  new  portal)le  drawing  board  and  seat,  the  board  folds  u'p 

for  the  pocket,  and  the  legs  of  the  seat  form  a  walking  silek      110 

Troportional  compasses,  from  l/,   1  Is.  (5d.  to 3     3     0 

tlliptical  compasses  of  various  degrees  of  perfectii>M  and  uti- 
lity, from  1/.  li.  to 5     5    0 

Farey's  newly  constructed  pocket  elliptic  machine,  in  brass, 

for  describing  ellipses,  in  the  most  accurate  manner. ...        4  14     6 
Triangular  compasses,  by  which  three  points  at  once  ma)  be 

transferred,  from  13^.  to !     5     0 

Hair  compasses  that  take  extents  to  a  great  accuracy o     7     6 

Beam  compasses  for  dividing  large  circles,  projections,   6ic. 

from   ]/.  8;.  to 3   13     G 

Eowcompasses  for  describing  very  smallcircles,  from  3^.  6'./.  to  0  0"  O 
Perspective  compasses  to  take  the  relative  portions  of  object.^, 

angles,  &c J    18     0 

Parallel  rulers  of  different  constructions.,  from  25.  to 2  12     (5 

Protractors  for  laying  down  angles,  from  2^.  to ^ .      J      i     o 

Ditto  circular  with  a  nonius  and  moveable  index 2     2     O 

Ditto,  ditto,  very  best  with  rack  and  pinion 4     4     O 

Sets  of  protracting  and  plotting  scales  ;  instruments  for  divid- 
ing lines  or  transferring  divisions  on  paper.  An  instrument 
for  describing  circles  from  four  to  six  feet"  radius  or  to 
the   utmost    conceivable  distance — Gunners    callij.cr?  — 
Gunners  levels    or  perj)endlculars — Shot  gauges — Shell 
ditto— Gunners  quadrants,  with  a  plummet  or  level,  and 
adjusting  screw,  &c.  and  all  other  instruments  for  graphi- 
cal and  military  purposes. 
Hadley's  Quadrants,  mahogany,  the  divisions  on  v/ood     2     2    0 
Dittomahoganywith  ivory  arch  and  nonius,doubleobservation     2   12     6 
Ditto,  ebony  and  brass,  best  glasses,  engine  divided,  &:c.  .  .      3     3     0 

Ditto,  with  tangent  and  adjusting  screws,  &c 3   18     O 

|)hony    and  brass  mounted  best  sextants,   from  4/.  4s.   to     8  18     6 

A  ten-inch  common  brass  sextant g     9     6 

Metal  ditto,  framed  on  a  principle  the  least  liable  to  ex- 
pand or  strain,  with  adjusting  screws,  telescopt.s,  and 
other  auxiliary  apparatus,  divided  to  10'''  15^'  or  'M"  the 
best  for  taldng  distances  accurately,  to  determine  the  longi- 
tude at  sea,  it  c.  from    13/,   135.  to ...* l6  l6     O 

A   new  small  3-inch  i)ocket  box  sextant  to  take  angles  to  a 

minute,  from  3/.  35.  to .^     4     4     4) 

A  ten-inch  improved  reflecting  circle,  that  enables' an  expert 
observer  to  obviate   the  very  minute  errors   of  a  sextant, 
or  by  repeating  observations,  to  reduce  such  errors  to  im- 
material quantities,  from  1 S/.  IS;,  to 2(5    ,5     p 
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Portable  brass  jointed  stands  for  the  sextant  or  circle,  In  a 

mahogany  case 5  15     CJ 

Artiliclal  horizons,  by  parallel  glasses  in  mahogany  mounting 

and  quicksilver,  to  take  double  altitudes  by 118     O 

Ditto  best  kind  in  brass  mounting  and  case 3     3     o 

Gunter's  quadrant,  in  box  from  OV.  to 1     1     o 

SLeerJng  and  amplitude  compasses  10s.  OVl.  co 4     4     0 

Azimwth  ditto  improved  of  ditJerent  constructions,  from 

5/.  55.  to 12  12     0 

Pocket  compasses,  in  wood,  metal,  and  silver,  from  2s.  Gd.  to     5     5     0 
HorizoHtal    sun-dials,  in  brass,  made  for  any  latitude,  of 
four,  live,   or  six  inches  diameter,   divided    into  five  mi- 
nutes of  time,  each  at  85.   I2s.  and 0  16     O 

Ditto  seven  inches 1     1     o 

Ditto  eight  inches,  into  two  minutes ,      I     Q    0 

Ditto  ten  inches,  ditto 2     2     0 

Ditto  twelve  inches,    ditto 3     3     0 

Ditto  fifteen  inches,  into  every  minute,  thirty-two  points  of 

the  compass,  &c 5   \5     6 

Ditto  eighteen  inches  ditto,  ditto,  with  equation  table,  &c.  10  10    O 

Ditto  2  feet  diameter,  ditto,  ditto 18  18     O 

A  new  u;iiversal  ditto  and  equatorial,  making  a  very  port- 
able angular  instrument,  from  8/.  8j.  to 21     0    O 

Universal  ring-dials,    from    145.   to    5     5     O 

A  small  box  of  geometrical  solids  cut  out  in  wood,  for  il- 
lustration of  solid  geometry,  from  145.  to 3     3     0 

Mathematical  Recreations.  The  two  curious  mathe- 
matical cubes,  one  of  which  is  gauged  so  as  to  prove  it 
to  be  larger  than  the  other,  yet  the  larger  one  will  actually 
pass  through  the  smaller  one,  and  not  in  any  degree  stretch  it  110 
The  mathematical  paradox,  a  piece  of  wood  of  one  figure, 
fits  exactly,  and  passes  through  a  triangular,  square,  and 

a  circular  hole 0     2     Q 

A  double  cone,  that  apparently  rolls  np  an  inclined  plane, 

though  actually  descending O    6    O 

For  a  general  description  and  representation  of  the  instrumenti  used  in  surveying,  levellingy 
and  (jtiier  branches  of  -practical geometry,  c^c  see  the  late  Mr.  G.  Adams's  Geome- 
trical and  Graphical  E.-says,  the  Ath  and  improved  edition  by  W.  Jones,  intwdVoU. 
'6v(i .   I'il'^,  ivith  thirty-five  folio  cop-per-piutes.     Price  l  6s. 


ASTRONOMICAL,  &c.  INSTRUMENTS. 


^V  portable  Transit  Instrument,  with  a  cast-iron  stand, 
to  ascertain  tne  rate  of  chronometers,  and  clocks,  the  longi- 
tude, &c.  the  axis  is  twelve  inches  in  length,  and  the  achro- 
matic telescope  about  twenty  inches,  packed  in  a  case. .    15   15     O 

Ditto,  with  a  brass  framed  stand,    and  other  additions  ....  20     O     0 
Transit  instruments  of  larger  dimensions  made  to  order. 

A  six-inch  brass  astronomical  circle  for  altitudes,  zenith  or 

polar  distances,  azimuths,  with  achromatic  telescope....      31   10     0 

A  twelve-Inch  ditto,  from  36/.  155 52  10     O 

Aji  eighteen-inch  ditto,  best 105     O    © 
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Larger  astronomical  circles  forObsefvatorie?,  made  to  order. 
An  astronomical   clock,  with  mercurial,  or  other  compen- 
sating Pendulum  accordinj^  to  jewels  47/.  .5.c.  to ....... .     81     0     O 

Planetariums,   shewing  the   phjienomena   of  the   Ptolemaic 

and  Copernican  systems,  from  //.  /.f.  to 50 

Manual  orreries  ol  the  common  construction.    Si.  3s.    to    ...      :'> 
Jones's  (Wm.)  new  portable  orrery,  the  telhirian  part  ....       I 

Ditto,  the  planetarium  part  with  the  above 3 

Tellurian  and  planetarium  together,  making  the  AWy  Port- 
able Orrm'y  packed  in  boxes,  accordins:   to  the  si/.es  and 
wheel-work,  the  earth  a  l^inch  globe,  from  3/.  I3r.  iid.  to     ()     6     0 
Ditto,  mounted  on  wood,  or  brass  framed  stands,  from 

idl.XQs.to 2i     1     0 

A  complete  planetarium,tellurian,an<l  lunarlum,  all  elegant- 
ly in  brassjshewing  the  motions  completely  by  wheel-work, 
packed  in  a  mahogany  care  the  earth  a  3  inch  globe.  . .  : .  .    3/   iC     0 
Other  planetariums  and  orreries  in   great  variety,   the   mo- 
tions by  wheel-work,  exemplitying  all  the  motions    and 

phsenomena  of  all  the  planets,  from  40/.  to lOOO     0     O 

A  Cometarium,  for  exemplifying  the  motion  of  comets  .. .  .  .>  5  0 
The  New  Eightkbj^  Inch  Bki  ris«  Globes — The  Ter- 
restrial, containing  all  the  latest  discoveries  and  commu- 
nications, from  the  most  correct  and  authentic  observa- 
tions and  surveys  to  the  present  time  engraved  from  an 
accurate  drawing  by  Mr,  Airozvs7nith . — The.  Celestial  con- 
taining the  positions  of  nearly  60lX)  stars,  clusters,  ne- 
bulas, planetary  nebulae,  &c.  correctly  computed  and  laid 
down,  by  IF.  Jones,  from  the  latest  observations  and  dis- 
coveries, by  Dr.  Maskelync,  Dr.  Herscbtl,  the  Rev.  AJr. 
WoUaston,  &c. 
A'.  B.  These  are  the  only  modern  18-:nch  globes  in  the  Eng- 
lish language  extant,  the  plates  being  engraved  from  entire 
new  drawings,  and  are  dedicated,  by  permission,  to  the 
■Right  Hon.  Sir  Mepb  Banh,  Bart,  P.  R.  S,  and  the  Rev. 
Dr.  Maskelyne,  Astronomer  Royal. 

I'll  common  plain  frames  of  stained  wood 8 

A  compass  fitted  to  both  the  frames  of  ditto O 

A  pair  of  red  leather  covers  for  ditto I 

The  same  globes  in  best  mahogany  claw-feet  frames,    with 

large  compasses  fixed  to  the  claw  feet J3    13     O 

Ditto,  in  more  elegant  and  varnished  frames,  with  improved 

brass  sliding  hour  circles,  from  14/.  145.  to 18 

Red  and  stamped  leather  covers  for  the  above,  from  ]/.10y.  to     3 
The  New  Twelve  Inch  Bkitish  Glokes,  reduced   from 
the  above,  being  the  most  recent  nnd  correct  of  any  extant, 
mounted  in  neat  mahogany  claw-feet  frames,  with   coili- 

passes ^ 

Ditto,  in  common  coloured  wood  frames -4 

Additional  price  of  a  compass,  and  fitting  to  both  globes  ...     O 

A  pair  of  red  leather  covers  for  ditto O 

Globes,  nine  inches  diameter, 2 

t)itto,  six  inches  ditto,  plain  mahogany  frames 'i 

Ditto,  ditto,    best  mounting 3 

Ditto,  three  inche«  ditto^  in  cluw-feet  mahogany  frames  .    .2 
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C  s.  d, 

Ditto,  ditto,  single  one  In  a  case  for  the  pocket  lOs.  (W.  to  O  14  0 
Russells  Selenographic  12  inch  globe,  or  a  correct  globular 

representation  of  the  Moon's  disc 5  15  (5 

Geographical  planispheres,  to  solve  problems,  mounted    as 

a  hand  fire  screen 0     g  Q 

A  brass  armillary  sphere,  three  inches  diameter 3  13  6 

A  four  inch  ditto , , 4  14  Q 

A  six  inch  ditto 6     6  0 

A  nine  inch  ditto 10  10  0 

A   twelve  ipch  ditto 13   13  O 

Larger  ditto,  with  planetarium,   from  21/.  to 105     O  O 

hnr  a  geusral  description  of  orreries  and  other  astronomical  instrumentij  see  the  late 
-i'^^'"  G.  ADAMb's  Aitn.nomicAl  Essays,  St/o.  ivtth  sixteen  plates  i  sLiih  edition^  frice 
)Jl9,  improved  i>y  \V .  Jones,  1813. 


PHILOSOPHICAL,   &c.  INSTRUMENTS. 

A  single-barrel  Air-Pump,  with  receiver 2  12  Gi 

Improved  ditto,  exhausting  more  accurately 5  15  6 

A  small  double-barrel  air-pump,  with  gauge-plate 5  }5  6 

A  middle  size  ditto  with  glass  receivers 7  17  6 

A  large  size  table  ditto     11  n  o 

Ditto,  with  stage  and  raised  receiver  plate 14  14  O 

Air  p\imp   of  the  largest  sort,  exhausting  most  accurately, 

being  upon  an  improved  construction,  from  20/.  to 30  18  O 

ondensing  engines,  for  air,  gases,  &c.  from  7/.  ys.  to 21  0  0 

Papin's  digester  improved,  with  a  stand,  &c 4  14  Q 

The  pri7ic'ipal  Apparatus  for  the  Air  Pump  as  follcnu  : 
Guinea  and  feather  apparatus,  demonstrating  the  resistance 

ot  the  air,  with  one,   two,  or  three  falls,  from    18j.  to..  2  0  O 

A  set  of  wind-mills  for  the  same  demonstration , . ..  1  14  q 

The  brass  hemispheres,  shewing  the  air's  external  pressure, 

from  18j.  to , 1  10  O 

A  bell,   })roving  that  there  is  no  sound  without  air 0  10  6 

Improved  construction  of  this  bell, 1  1  o 

Lead  weights,  with  bladder,  &:c.  proving  the  air's  elasticity  0  17  Q 
The  double  transferrer, that  transfers  a  vacuum, &:c.  from  one 

receiver  to  another,  by  turning  stop-cocks  only 3  0  Q 

A    model    of    a  water-pump,    exemplifying  the  nature  of 

pumps,  and  proving  the  absurdity  of  what  is  called  suction  .  1  10  Q 

Improved  forcing  do.  for  a  constant  stream 3  3 

A  single  transferrer,   plate,  and  pipe,  for  a  fountain  , . . ,  1  0 

A  copper  air-pipe  for  experiments  on  infected  air  . 0  18  Q 

A  flat  plate,  collar  of  leathers,  with  sliding  wire,  for  placing 

on  receivers 0  12  0 

An  apparatus  for  firing  gunpowder  in  vacuo 0  18  O 

A  copper  bottle,  beam  &  stand,   for  accurately  weighing  air  2  12  6 

A  glass  vessel  for  making  a  fountain  in  vacuo O  5  Q 

Ditto  on  a  larger  and  different  construction 0  1(J  O 

A  glass  with  a  bladder,  shewing  the  action  of  the  lungs  .  ..  O  6  O 

Ditto  mounted  with  the  figure  of  a  tiacchus J  12  O 

A  balance  beanj  and  stand .- 0  7  (i 


I 
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A  filtering  cup,   shewing  the  porosity  of  vegetables O    5  O 

A  i>lateand  piece  of  wood  for  the  same  ]nirpose O    4  O 

An  apparatus  for  striking  Hint  and  steel  in  vacuo 0  IS  O 

The  Torricellian  Barometrical  experiment 0  18  O 

Fruit  stand O     3  6 

Candlestick  .  .' 0     3  6 

Syringe  with  lead  weight O  10  6" 

Six  breaking  squares,  cage  and  ca}) 0  10  6 

Glass  bubble  and  stand 0     3  (i 

Hand  and  bladder  glasses 0     4  6 

With  a  great  variety  ot  receiver. -,  and  other  apparatus,  to  order. 

Exhausting  and  condensing  syringes,  from  lOs.  6d.  to  ...  .  ill  6 
Exhausting  syringes,    vvilh   sets  of  cu})ping  glasses,    breast 

glasses,   with  scarificator,    complete 4   14  6 

Air  fountains  of  copper,    with  syringe   and  various  jets, 

from  61.  I5s.  6d.  to JO  10  O 

Cylinder  electrical  machines,  from  3/.  3.r.  to 10  10  O 

Large  standing  ditto,  from  15/.  15j.  to 52  10  0 

Tw^elve-inclrglass  plate  ditto,  with  brass  branch  conductor, 

best  mounting .- 5    15  6 

Eighteen-inch  plate  ditto  ditto 7   17  6 

Two-feet  ditto  ditto 12  12  0 

An  ejlectrical    ma«  hine,  with  apparatus,    for  philosophical 
experiments  and  medical  uses,  packed  in  a  box,  the  cy- 
linder from  iix  to  ten  inches  diameter,  fronv 07.1  Os.OV/.  to  ]()  1(5  0 
Apparatus  for  Eh'ctr'u-al  AI ach'i ncs  a^foUonv  : 
Electrical  batteries  of  combined  jars,    from  2/.  \'ls.{5d.   to  10  10  O 

An  universal  discharger,  with  a  press '.  1      8  O 

A  quadrant  electrometer  with  divided  arch O     7  ^ 

Jointed  discharger  with  glass  handle 0  10  6 

Common  jointed  ditto,  ditto O     7  '^ 

An  useful  and  illustrative  apparatus,  compounded  of  the  lu- 
minous conductor,  exhausted  fiask,  two  jars,  exhausting 

syringe,  insulated  stand,  and  wires  with  balls,  &c.  complete  3     3  O 

Euminous  conductors,  from  12i.  to I     5  O 

Exhausted  flasks,  called  the  Aurora  Borealis  . 0     ()  Q 

A  thunder  house,  demonstrating  the  use  of  conductors 0     (i  (i 

A  powder  house  for  the  same  purpose ()  1  (i  O 

An  obelisk  or  pyramid  for  ditto 0  10  d 

A  set  of  plain  bells^  three  to  a  set 0     8  O 

A  new  set  of  musical  ditto,  containing  the  gamut 1   10  O 

A  magic  picture  for  giving  shocks O     /  () 

An  electrical  cannon,   to  be  discharged  by  hydrogen  gas..  O  1()  () 

Brass  pistols  for  ditto O     7  ^^ 

Spiral  tube's  ro  illuminate  by  the  spark,  from  OV.  to 0  10  0" 

Luminous  names,   or  words,  from  10.v.  6d.  to Ill  0' 

Diamond  Spotted  jars,  from  OV.  to O  10  6 

A  double  jar  for  explaining  the  Frankliniau  theory O  18  0 

Copperplates  and  stands  for  dancing  images O     (j  O 

An  electrical  tin  fire  house 0   12  0 

An  electrical  shooter  and  mark 0     5  6 

A' mahogany  stand  for  eggs O     5  6 

A  small  head  with  hair 0     7  Q 
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An  artificial  spider O     1     6 

An  electrical  swan O    2    O 

An  electrical  star O     1     6 

Balls  of  wood,  bone,  &c.  each  from  6^/.  to O    2     0 

A  magic  or  electrical  bottle,  that  is  charged  by  the  rubbing 
of  a  ribbon  only,  and  will  give  a  shock  to  five  or  six  per- 
sons, with  apparatus  in  a  case 0  10    6 

A  curious  collection  of  working  models,  to  be  set  in  motion 
by  the  electrical  fluid,  consisting  of  a  corn  mill  and  a  three- 
barrelled  water  pump,  worked  by  one  crank  only ;  an  or- 
rery, shewing  the  diurnal  motion  of  the  earth,  age,  and 
phases  of  the  moon,  &c. ;  an  astronomical  clock.,  shewing  • 

the  aspects  of  the  sun  and  moon,  age,  phases,  kc.  all  deli- 
cately made  of  card-paper,  cork,  and  wire  only,  packed  in 

a  deal  case , ,  , 3 

Kinncrsley's  electrical  air  thermometer 1 

Cavallo's  atmospherical  electrometer , .     6 

Ditto,  as  improved  by  Saussure 1 

iiennet's  gold-leaf  electrometer O 

The  new  discharging  electrometer,  by  which  the  forces  are 

denoted  by  grain  weights 1   18      O 

T%e  Medical  Apparatus  for  machines  consists  qf 

Jars  with  electrometers,  from  125.  to 1     1     O 

A  new    medical  ditto,    for  communicating  shocks   in   the 

most  convenient  and  qualified  manner O     8     O 

A  pair  of  directors,  glass  handles,  wood  points,  &c O     8     O 

An  electrometer  to  apply  to  the  conductor O     6    (> 

A  brass  ball  and  wire  for  taking  sparks,  As.  6d.  to O    6    6 

Electrical  insulated  stools  and  chairs,  from  Qs.   to 5     5     O 

Atglass  for  the  eye 0    4     6 

Ditto  for  the  ear O    2     6 

A  variety   of  other  apparatus   too  numerous  to  be  inserted  herein, 

which,  as  well  as  the  machines,  are  mounted  after  the  most  approved 

and  eligible  methods,  so  as  to  render  them   in  action  both  powerful 

and  permanent. 

JFor  a  description  of  electrical  apparatuSy  see  the  late  Mr.  G.  Adams's  Essay  on  Elet" 

tricity,  f>i/  W.Jones,  Svo.  six  plates-^  new  edition^  piiceSs.  in  boards, 
Volta's  new  Galvanic  pile  of  zinc,  and  silver,  or  copper,  &c. 
plates,  that  produces  spontaneous  and  repeated  electricity, 

decomposes  water,  fuses  wire,  &c.  from  ll.  l8s.to 6  l6    6 

Zinc  plates  for  ditto,  sold  separately,    per  100 *    0  15     O 

Ditto,  of  zinc  &  copper  square  plates  in  mahogany  troughs, 

to  form  the  Voltaic  or  Galvanic  Battery  of  50  2-inch  plates     2     2     0 

Do.  3-inch  plates 3     3     O 

Do.  4-inch  plates  for  deflagration,  &c 5    O    0 

Do.  new  improved  sort  with  ten  double  suspended  plates  with 

earthen  trough,  &c 2     8     0 

Batteries  of  five,  six,  seven,  &:c.  inch  plates  to  order 

De  Luc's  Electric  Column   1 1.  lOs,  to 4     4     0 

An  electrophorus,   complete,  from  lOs.  6W.  to- 3     3     O 

Conductors  for  the  preservation  of  ships,  houses,  ike.  from 

.    lightning,  from  3/.  3j.   to 5     5     0 

A  new  perpetual  inflammable  air  lamp,  lighted  by  the 
•  electrophorus,   a  curious  and  useful  apparatus 4  14    () 
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Barometers,  plain  mounted,  from  l/.  18^.  to 3     O    0 

Barometers,    thermometers,    and  hygrometers,   all    in    one 

neat  mahogany  frame,  from  4/.  J4.f.  6/.   to 6  l6     6 

A  new   stick   barometer  for    measuring    the    heights    of 

mountains,  &c t     4     O 

Ditto,  with  folding  portable  staves,  gimbals,  &c 7     7     O 

Marirte  Barometers  on  springs  for  floor  or  wall ()     6     0 

Hook  s  wheel  Baiometer,  less  correct  than  the  above  common 

form,  from  3/.  3y.  to Q    6     O 

Thermometers  for  all  the  various  pni-poses,   from  .Qj.  to  .  ..     'I     2     o 
Six's  new  thermometer,  for  shewing  the  extremes  of  beat  and 

cold  in  the  absence  of  the  observer,   trom  \1.  \\s.  Gd.  to  ..     2  12     6 

Chemic-al  jointed  scale  Thermometers  to  600  degrees 1     1     O 

An  hygrometer,  she\ving  the  moisture  and  dryness  of  the  air     O  10     6 

DeLuc'6  whalebone  hygrometers 2  12     6 

A  rain  gauge,    with  lioat  and  tin  vessel 1     4     O 

Wind  gauges  of  the  constructions  of  Dr.  Lind,   8<cc. 0  IS     O 

Acxnirate  hydrometers  for  discovering  the  strength  &  propor- 
tion of  compounds  in  spirituous  liquors,  from  l/.  1  l.v.  Gd.  to     4     4    0 

Glass  bubbles  for  trying  spirits 0  10     6 

Hydrometers  on  the  best  principle,  for  brewing 5     5     O 

An  apparatus  for  hydrostatical  experiments,  3/.  I3s.6d.  to  .  21     O    0 

A  Glass  model  of  a  diving  bell ....      1     4     O 

Hydrostatic  balances,    from  2/.  12.f.  6,7.  to  , 9     9     O 

A  new  and  very  accurate   do.  the  conical  beam   of  brass 

121.   12s.  to 52  10     0 

Artificial  magnets,  in  bars  and  sets  of  bars,  from  2;.  6J.  to...     6     (j     O 
Ditto  in  shape  of  a  horse-shoe,  the  strongest  form,  is.  O'd.  to     1      1     O 

Ditto,  combined  to  any  number,  from  I2s.  to   21.     0    O 

Box  of  magnetlcal apparatus,  illustrating  a  variety  of  curious  # 

and  entertaining  properties  in  magnetism,  containing 
the  following  articles  ;  a  set  of  six  bar  magnetsj  two  horse- 
shoe magnets  ;  six  iron  balls  j  a  magnetometer  j  two  spin- 
ners; a  dipping  needle;  a  gimbal  compass;  two  brass  tables; 
an  armed  combined  magnet  5   six  needles,  and  standi;  and 

sundry  other  articles  packed  in  a  case,  51.55.  to 7     7     O 

Dipping  magnetic  needles,  J /.  If .  to 5      5     O 

Variation  Compasses  iL  \s.  to 3   13     G 

"Magnetical  ilECRKATioNs.The  sensitive  lishes.that  have 
the  property  of  swimming  to  a  piece  of  bread  placed  at  the 
end  of  a  stick,  and  when  the  other  end  is  presented,  of  re- 
retreating  and  going  back , O     0     6 

Comuss  box  of  two  sets  of  five  numbers  one  of  which  being 
secretly  arranged  is  discovered  by  only  placmg  the  other 

over  it 2     2     0 

Pyrometers,  shewing  the  exj^ant^ion  of  metals,  from  3/.  3s.  to  8  S  0 
The  mechanical  powers,  tor  illustrating  and  demonstrating 
the  laws  of  motion,  gravity,  &c.  a  set  neatly  made  in 
brass,  consisting  of  the  balance,  the  pullics,  different 
kinds  of  levers,  the. inclined  plane,  the  wheel  and  axle, 
the  screw,  a  compound  engine,  a  compound  lever,  a 
double  cone  to  move  up  ai:  inclined  plane,  friction  wljeeU, 
weights,  wedges,  Sec.  complete 25     4     0 
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The  same  occasionally  made  on  a  more  elegant  and  enlarged 

1  Um,  for  a  large  auditor)',  40/.  to CO    O    O 

Ditto,  with  many  parts  of  the  apparatuo  made  of  mahogany, 

aad the  whole  set  packed  in  u  box  18/.   18;.  to.  .......   20'     5     O 

Separate  sets  of  pnllics,  variously  constructed  and  combined. 

A  small  brass  carriage  with  inclined  plane,  and  wheels  of  dlf- 
ferent  sizes,  &c.  experimentally  proving  the  friction,  re- 
sistance, &c.  of  all  sorts  of  wlieel- carriages 8  18     6 

Ferguson's  compound  engine,  in  which  all  the  simple  mecha- 
nical powers  work  together 4  14    6 

A  whirling  table,  for  explaining  and  demonstrating  the  laws 
of  the  planetary  motions,  the  demonstrations  of  the  doc- 
trine of  the  tides,  and  other  properties  of  gravity  and  cen- 
trifugal forces,  from  lOV.  l6i-.  to 2G    5    O 

A  twood's  elegant  and  accurate  apparatus  for  demonstrating 
the  laws  of  accelerated  and  retarded  motion^  and  other  in- 
teresting laws  in  mechanics 25     4     O 

Several  small  mahogany  models  for  explaining  the  centre  of 

gravity,  the  line  of  direction,  &:c 2     2     O 

A  small  working  model  of  a  steam-engine  all  in  brass 23     2     O 

A  large  do  being  a  complete  copy  of  Boulton  &  Watts  most 
improved  engine  with  the  boiler  and  apparatus  complete 
84/.  to 100  0     O 

Working  models  of  pile  driving  Engines,Cranes,&c.3/.3j. to     6     6     O 

Besides  the  preceding,  a  great  variety  of  other  articles  too  numerous  to 
be  included  in  this  catalogue,  as  well  as  any  instrumental  article  made 
from  particular  drawings,  or  as  described  by  the  different  writers  upon 
mathematics,  philosophy,  philosophical  chemistry,  &:c.  And  students 
of  the  sciences  furnished  with  the  most  approved  elementary  treatises. 

Merchants,  shopkeepers,  schoolmasters,  and  others  that  sell  again^ 
are  supplied  with  the  best  articles,  and  with  good  allowance. 

Letters  from  the  country  or  abroad,  containing  orders  or  previous 
enquiries,  explicitly  and  punctually  attended  to. 
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Glass  gas  bottles,  with  bent  necks,  each  from  -J-s.  Gd.  to o     '?  »> 

y Retorts  in  great  variety,  each  from  Is.  3d.  to 0     6  0 

Receivers,  deflagrating  jars,  &c.  from  2s.  to 0   12  0 

Alembics  with  heads,  (Voin  7s.  to 0   16  0 

Nooth's  glass  apparatus   for  impregnating  water  with  carbonic 

acid  gas,  &c.  with  stand,  &c.  he. 3     3  0 

Woulffc'ij  or  Glauber's   glass  distillatory  apparatus   of  three  r<.*- 

ceivers  for  separating  til- fluid  and  gas  ISs.  to 1    16  0 

Glass-Euciioniettr,&:c. tubes,  graduated  and  plain, detonating  tubes, 
stopcocks,  cubical,  tStC  measures,  plain  and  graduated,  digeUii.g 
jars,  Welter's  tubes  of  safety,  precipit<.:ting  jars,  liltcring  ap- 
paratus, specific  gravity  vissels  and  bubbles,  syphons,  pestle 
and  mortar,  matrasses  or  flasks,  adopters,  test  jars,  liltcring,  &c, 
funnels,  evaporating  dishes,  stop  bottles,  various  sizes,  capillary 
&c.  tubes,  rods,  various  jar  covers. 
Eudiometers  by  Fontana,  Priestley,  Bertholet,  Hope,  Davy,  &c. 

from  7s.  6<1.  to 4    4     0 

Gazoraeters  on  various  constructions,  41.  4s.  to ...13  12    0 


£.     s.     d. 

Gas  or  hir  holders  of  japanned  iron,  &c.  18s.  to... 1     8  0 

Improved  do,  with  long  tube,  funnel,  blowpipe,  &c.  for  lluxiag 

by  oxigen  gas 3     3  0 

Pneumatic  cisterns  of  japanned  tin  according  to  size  from  5s.  to  1   io  0 
A  large  wooden  do  Jor  watf-r  and  another  for  merctiry,  with  au 
useful  selection  of  glass,  &c.  apparatus,  for  performing  the  lat(» 

discovered  experiments  on  2;ases,  &c 7     7  0 

An  iron  retort  and  n)atr  ss  stand,  with  sliding  rings,  copper  dish, 

Argand's  lamp  with  metallic  rhimney 1     3  0 

Do.  all  made  of  brass,  pillar  jointed,  &c 2    2  0 

An  apparatus  consisting  of  two  connected  brass  stopcocks  with 
bladders,  glass  n'cvivers  with  stopcock,  a  plain  brass  jet,  revolv- 
ing do,  soap-bubble  pipe,&c.  an  useful  and  entertaining  appara- 
tus for  containing  and  compounding  oxigen  and  hydrogen  gases 
for  detonation,  ignition,  or  exhibiting  the  philosophical  iirc- 

■works,  &c 2   V2  6 

A  brass  blowpipe  with  caps  for  fluxing  minerals,  &c 0    ^6 

Do.  -with  platina  spoon,  megalascope.  fluxes,  aiul  sundry  small 
ap))aratus,  packed  in  a  tish  skin  case,  forming  a  complete 

pocket  mi  neralogical  laboratory ...' 2  18  0 

Magellan's  new  portable  lamp  furnace,  -vith  the  blowpipe,  its 
brass  supports  and  appendages,  small  glass  retorts  and  vessels, 
&C.&C.  for  performing  chemical  as  well  as  mineralogicalexperi- 
inents  on  a  small  scale 5     5  0 

A  double  constant  blast  bellows  to  apply  tp  the  blowpipe  of  do. 

for  oxigen  gas.... '. 2  12  6 

A  self  acting  spirit  blowpipe  with  jets 2    2  0 

An  universal  and  portable  iron  table  charcoal  furnace  for  reduc- 
tions of  ores  and  metals,  distillations,  decomposition  of  bodies, 

&C.&C 5  1,5  6 

An  iron  retort   and  pipe  for  oxigen  gas  from  mang-anese,  with 

brass  jointed  conducting  tubes I    n   6 

J.eaden  retorts,  receiver  &  bottles  for  the  fluoric  acid  from  5s,  to  0  12  0 
A  new  apparatus  of  lead  tor  etching  on  glass  by  the  fluoric  acid  I  3  0 
A  mineralogical  goniometer  to  measure  the  angles  ofchrystals  ...  1  4  0 
A  small  box  of  geometrical  sf)lids,  cut  in  wood,  for  representing 

the  forms  and  varieties  ofchrystals  11.  5s.  to 3    3  0 

Of  Platina.— Small  retorts,  crucibles,  dishes,  spoons,  forceps,  thin 

rolled  foil,  wire,  &c.  per  02.  II.  Is.  to 1   15  0 

Au  liy.lrogen  gas  machine  for  producing  instantaneous  light 4  14  6 

Lavoisier's  improved  elegant  apparatus  for  exhibiting  the  for- 
mation of  water  by  the  slow  combustion  oi  hydrogen  gas  in  an  at- 
mosphere ofoxigen 7   17  6 

A  mahogany  chest  containing  42  stopped  glass  phials,  of  various 
tests,  re  agents,  fluxes,  precipitants,&c.  &c.  for  the  examination 
of  minerals,  analysis  olvvater,  and  other  chemical  experiments  4   14  6 
Do.with  56  or  more  phials,  and  extended  apparatus  at  the  desire 

of  the  purchaser  fil.  6s.to ]5  15  0 

A  portable  chest  of  28  phials,containing  chemical  preparations  for 
performing  a  variety  of  entertaining  &  instructing  experiments 
•with  sympathetic  inks,  dyes,  phosphoric,  &c.  exhibitions,  with 

bookof  directions.. 3   13  6 

With  all  other  general  and  specific  articles,  and  apparatus  descri- 
bed by  the  best  writers ;   whose  treatises  may  also  be  had. 
For  prices  of  galvanic  batteries,  and  hydrostatical  balances,  see  page 

11  and  12  of  this  Catalogue* 
Select  and  suitable  lists  made  out  for  the  purpose  of  private  or 
public  lectures. 
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BOOKS  PUBLISHED  BY  \V.  JONES. 

£.  X.  d. 

A  Description  and  Use  of  the  New  Portable  Orrery,  to  which 
is  prefixed  a  short  account  of  the  solar  system ,  including  a 
concise  description  of  the  recent  discoveries  byDr.Herschel, 
the  New  Comet,  &c.  with  four  copper-plates,  O'th  edition      0     3     0 

A  Description  and  Use  of  the  Hadley's  Quadrant,  with  nn 
account  of  all  the  new  apparatus  added  to  it,  for  taking 
observations  accurately,  in  order  to  determine  the  longi- 
tude at  sea;    illustrated  by  copper-plate  figures,  2d  edit.     0     1     6 

A  Description  and  Use  of  the  Pocket  Case  of  Mathematical 

Drawing  Instruments,  illustrated  by  copper  plate  figures     0     10 

Methods  of  finding  a  Meridian  Line,  to  set  sun-dials,  regu- 
late clocks,  watches,  &c 0    O    6 

Directions  for  finding  a  Meridian  Line,  on  a  card O     O    3 

A  concise  Explanation  of  the  Barometer,  Thermometer,  and 
Hygrometer,  with  rules  for  predicting  changes  in  the  wea- 
ther, in  a  small  book  6V/.  on  a  pasteboard  varnished O     1     0 

Cowley's  Illustration  of  Solid  Geometry,  containing  42  cop- 
per-plates of  moveable  figures  ;  a  work  very  useful  and 
convenient  for  teachers  and  young  students  in  geometry, 
as  the  figures,  when  folded  up,  form  exactly  the  solid 
figures  of  the  Platonic  bodies,  conic  sections,  and  several 
portions  of  Euclid's  Elements,  &c.  &:c.  boards 1     4    0 

Other  Books  sold  by  W.  a^'d  S.  JONES. 

Hutton's  (Dr.)  Mathematical  Dictionary,  2  vols,  boards  ...      5     .5     O 

Mendoza's  Astronomical  Tables,  &c.  boards 2  10    O 

The  Philosophical  Transactions  of  the  Royal  Society,  con- 
taining 11  vols,  of  the  Abridgement  ;  and  from  thence, 
the  Continuation  at  large  to  the  present  time  ;  the  Index, 
with  Birch's  and   Sprat's  History,   5  vols,   all  in  uniform 

clean  calf  binding  and  tooled  backs,  in  65  vols 68     O    O 

Vince's  Treatise  on  Astronomy,  in  3  vols,  boardi,  new  edit.  .      6     O     O 
Bode's  large  Imperial  Celestial    Atlas,  with   folio   book  of 

astronomical  tables  and  directions 8     8     0 

Keith's  Introduction  to   Plane  and  Spherical  Trigonometry, 

boards 0  12     O 

Mackay's  Theory    and    Practice   of  the  Longitude,  2  vols. 

boards,  new  edition , 2     2     O 

■  Complete  Navigator 0  12     O 
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and  Vorticell«  j  a  Description  of  3/9  Animalcula  j  a  View  of  the  Or- 
ganization of  Timber,  and  the  Configurations  of  Salts  when  under  the 
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with  Instructions  for  Procuring  and  Collecting  Insects,  and  a  new  co- 
pious List  of  the  most  curious  and  interesting  Microscopic  Objects  ; 
by  Fuederic  Kanmacher,  F.  L.  S.  In  one  large  Volume  4to_,  and 
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II.  GEOMETRICAL  AND  GRAPHICAL  ESSAYS.  This 
Work  contains,  1.  A  select  Set  of  Geometrical  Problems,  many  of 
which  are  new,  and  not  contained  in  any  other  Work.  2.  The  De- 
scription and  Use  of  those  Mathematical  Instruments  that  are  usually 
put  into  a  Case  of  Drawing  Instruments.  Besides  these,  there  are  also 
described  several  new  and  useful  instruments  for  Geometrical  Purposes. 
3.  A  complete  and  concise  System  of  Surveying,  with  an  Account  of 
some  very  essential  Improvements  in  that  usetul  Art.  To  which  is  add- 
ed, a  Description  of  the  most  improved  Theodolites,  Plane  Tables,  and 
other  Instruments  used  in  Surveying  j  and  most  accurate  Methods  of 
Edjusting  them.  4.  The  Methods  of  Levelling,  for  the  purpose  of  con- 
veying Water  from  one  place  to  another;  with  a  Description  of  the 
most  improved  Spirit  Levels.  5.  A  Course  of  Practical  Military 
Geometry,  as  taught  at  the  Royal  Academy,  Woolwich.  6.  A  short 
Essay  on  Perspective.  The  Fourth  Edition,  corrected  and  enlarged,  with 
the  Description  of  several  Instruments,  &c.  unnoticed  in  the  former 
Edition,  by  W.  Joxes,  F.  Am.P.S.  j  illustrated  by  35  Copper-plates,  in 
2  Vols.  8vo.     Price  li5s.  in  boards. 

TIL  AN  APPENDIX  to  the  GEOMETRICAL  AND  GRA- 
PHICAL liSSAYS,  containing  the  following  Table  by  Mr.  John 
Galk,  viz.  a  Table  of  the  Northings,  Southings,  Eastings,  and  West- 
ings, to  every  Degree  and  Fifteenth  Minun*.  of  the  Quadrant,  Radius 
from  I  to  J (XI,  with  all  the  intermediate  numbers,  computed  to 
three  Places  of  Decimals.     Price  2j.  ()V. 

IV.      ASTRONOMICAL  AND  GEOGRAPHICAL  ESSAYS, 

containing,  1.  A  full  and  comprehensive  View,  on  a  new  Plan,  of 
the  general  Principles  of  Astronomy,  with  a  full  Account  of  the 
Discoveries  of  Dr.  Herschel.  2.  The  Use  of  the  coelestial  and 
Terrestrial  Globes,  exemplified  in  a  greater  Variety  of  Problems  than  are 
to  be  found  in  any  other  Work  ;  they  arc  arranged  under  distinct 
Heads,  and  interspersed  with  much  curious  but  relative  Information. 
?,.  The  Description  and  Use  of  Orreries,  Planetariums,  &c.  4.  An 
Introduction  to  Practical  Astronomy,  by  a  Set  of  easy  and  entertaining 
Problems.  Sixth  Edition,  corrected  by  W.  Jones,  8vo.  Price  12s.  in 
boards,  illustrated  with  sixteen  Plates. 
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